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ABSTRACT
The mode of inheritance of tomato fruit crack resistance,
heritabilities, and the association between fruit radial crack
resistance and firmness, soluble solids, scar diameter and
fruit size were studied in 1962 and 1963.
Two varieties, Pinkdeal, a radial crack resistant variety;
Floralou, a moderately crack resistant variety, and L92, a
susceptible line, were used as parents in all possible com
binations as P^, P2 and backcross progenies in this work.
Fruits in the red ripe stage from individual plahts were
classified according to a scale from zero to five for
degree of cracking, zero being resistant and five very
susceptible.

The Asco firmness meter was used to determine

the firmness of tomato fruits and the refractometer was used
to determine soluble solids.

The scar diameter and the

fruit diameter were measured in millimeters and centimeters,
respectivëly.
Data showed that the nature of dominance depended on
the crosses studied.

In the Pinkdeal X L9& cross, the Fg

and backcross progenies showed a partial dominance for crack
resistance.

In a cross of Floralou X L92, evidence was in

favor of a high degree of dominance which could approach
complete dominance.
suggested.

In both crosses epistatic effect was

In the third cross, Pinkdeal X Floralou, the

crack resistance genes were additive.

There was a possi

bility of transgress!ve inheritance.

viii
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The nature of gene action could be explained more
satisfactorily on the basis of arithmetic effect with or with
out partial dominance of genes controlling fruit radial crack
resistance.
The number of effective factors controlling the dif
ferences in crack index was variable depending upon the
parents and formulae used. The number of genes controlling
crack resistance ranged from 2 to 4 pairs in the cross
Pinkdeal X 192 and 1 to 4 pairs in the cross Floralou X
192.

In a cross, Pinkdeal X Floralou, the transgressive

segregation that occurred is an indication that the parents
differed by at least 2 pairs of genes.
Heritability was moderate in all of the crosses.

It

ranged from 50 to 60 percent in a cross, Pinkdeal X 192.
In Floralou X 192 heritability was 44 to 46 percent.

The

highest value of 66 to 72 percent was obtained in the cross
Pinkdeal X Floralou.

These data suggest the selection of

superior plants for crack resistance in the Fg progeny on
single-plant basis and to progeny test thereafter.
Soluble solids and flesh firmness are inherited inde
pendently from crack resistance.

Fruit crack resistance

character is associated with fruit size and scar area,
however, the genetic make up apd environment apparently
affect the character through different physiological
mechanisms.

XX
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INTRODUCTION
The ormoking of tomato fruit is one of the most wide
spread defect* limiting the delivery of mound, high quality
tomatoes to the consumer.

This defect often results in the

occurrence of substantial losses of fruits due to loss in
grade, secondary infection by bacteria, fungi and insects.
Because fruit cracking is usually more severe as the
fruit epproaches its peak of ripeneaa, there is a practice
of picking the fruits in a premature stage to avoid cracked
ripe fruit in canning and fresh market tomatoes.

This often

results in the delivery of undercolored fruits to the pro
cessing plant or market.

Also, additional labor is needed

to remove the damaged portion of the tomato fruit before
it is used.
Cracking is found to some degree wherever tomatoes
are grown (15).

It is sporadic in its occurrence as it

may be serious one year and not another and it may occur
only at certain times during a given season.
The problem of tomato fruit cracking was studied from
the physiological point of view by several workers.

Frasier

and Bowers (26), summarising their work concluded that tomato
fruit cracking is a problem for the plant breeder.

Since

hereditary differences in crack resistance have been definetly established (43,67), breeding for tomato crack
resistant varieties offers the most logical solution to
the problem.

1
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The objectives of this investigation were to study
the genetic nature and mode of inheritance of radial crack
resistance in certain tomato varieties and lines which are
being used in the breeding program at Louisiana State
University.

Heritability which is a ratio denoting the

relative importance of genotypic and environmental varia
bility was studied .
Several characters of importance sometimes associated
with crack resistance are firmness, total soluble solids,
size of stem scar, thickness of tomato skin, amount of cutin
or waxy materials Wiich form naturally around the tomato,
degree of maturity and the force needed to puncture the
skin.

Some of these characters were tested for their

correlation with crack resistance.
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REVIEW OP LITERATURE
Tomato fruit cracks have been classified into four
types:

radial, concentric, burst, and cuticle (2,67,91)»

Radial cracks radiate from the stem scar area %Aile concentric
cracks appear in arcs or circles at the. stem end of the
fruit.

In both types the skin is broken and the cracks

extend into the locular area. Cuticle cracks are usually
limited to the skin itself and are usually positioned as
concentric cracks at the stem or shoulder area of the fruit
(91).

Deep cracks not connected with the stem scar but

occurring on the sides at the blossom end, or at random
around the fruit, have been called side wall cracks.

This

.type of cracking has also been described as the burst type

(90).
The first attempt to explain the occurrence of cracks
in tomato fruits was reported by Frasier (23,24).

He (24)

studied the effect of soaking the fruit in 1% methylene
blue dye solution to determine the area on the tomato fruit
where moisture was absorbed.

He found that the stain was

absorbed by the corky scar at the stem end of the fruit
and it diffused mainly along the creases or septae of the
fruit.

This appeared to bear out his contention that

absorption of water during periods of rain aids in producing
fruit cracking, of the radial type.

He also found that

the stain was absorbed by small corky spots on the shoulders
of the fruits and he suggested that this absorption of water
3
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#l8o induces cracking.

Reynard (67) found a close association

between the number of rains preceding a harvest date and the
amount of radial cracking in 63 crack susceptible tomato
lines. Frasier (23) also reported that, while rain was
effective in producing cracking of fruits in a few hours,
irrigation water applied to the soil caused a considerable
increase in cracking over a 3 to 6 day period.

Thus it is

apparent that not only the factors affecting absorption of
water by the fruit, but also the water taken up througd»
the plant root system affects the incidence and severity
of cracking.
Brown and Price (7) reported that plants on irrigated
plots had more cracked fruits than those on non-irrigated
areas.

Frasier (23) found more cracking of fruits on plants

that were irrigated only when the soil was dry than on plants
growing in a soil kept moist by frequent irrigation.

Moore,

Kattan and Fleming (54) reported that the percent of radially
cracked fruits increased with the frequency of irrigation.
Molenaar and Vincent (54) found a positive correlation
between the amount of water applied by irrigation and the
percent of cracked fruits.
The effects of pruning tomato plants on fruit cracking
was also reported by Frasier (24).

He found that cracking

of fruits on plants pruned to a single stem was more severe
than that on unpruned plants.

Bradley (6) indicated that

the more severely a plant was pruned the greater the severity
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of cracking.

Also, Toung (94) found that trained or staked

tomato plants had 40 to 50 percent more cracked fruits than
plants grown on the ground.

Also, Wittmeyer (85) reported

that plants pruned to 3 stems had 4 2 .9 percent of the fruits
free of cracks tdiile those from unpruned plots had 9 percent.
Early varieties with a small amount of foliage were
found by Frazier (25) and Lachman (4 6 ) to be more susceptible
to cracking than varieties with heavy foliage.

Reynard (67)

found radial crack resistance to be associated with a deter
minate vine habit.
association

Frazier (27,28,29,30) reported an

of radial crack resistance with the dwarf

vine type.
Frazier (23) and Lachman (4 6 ) found that shading the
entire plant with muslin or cheesecloth resulted in a reduced
number of cracked fruits.
In general several workers (6,7,23,54,85,94) reported
that severe pruning and fluctuations in soil water supply
were the two cultural factors most consistently
with severe fruit cracking.

correlated

Others (25,46) found that

shading of fruits with good plant foliage and a unifom
soil moisture Usually resulted in a minimum incidence of
fruit cracking.

High cracking indices on many tomato

varieties were obtained during periods of low evaporation
of moisture at night and high losses during the day . .
Frazier and Bowers (26) observed that tomato fruits
were particularly susceptible to cracking a few days before
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the fruits reached the pink stage of maturity and it extended
through the red ripe stage*

It appeared that cracking usually

took place after the period of greatest growth.

Brown and

Price (7) reported that only the very immature fruits in
his tests were free of cracks*.
Frasier (23) reported that the fruits nearest the base
of a cluster would crack in the shortest period of time.
He pointed out (27^28,29^30) that the position of the fruit
on dwarf plants such as the stylar end being more exposed
to drying conditions than the stem end may be a factor in
the cracking of some fruits.
Investigators (81) found that some of the most significant
physiological changes vdiich occur in tomato fruits between
the mature green and red ripe stage of development are a
decrease in calcium content and an increase in osmotic con
centration of the juice.

The middle lamella of the cell

wall has been shown to contain an abundant amount of calcium
(5,52).

Calcium pectate in the middle lamella binds the

cell walls of the tissues firmly together (5,52).

Whatley

(81) reported that the calcium in the red ripe tpmato fruits
was lower than that on the mature green fruits.
mature green fruits were firmer.

Also, the

Cracking of the red ripe

tomato fruit was found to be negatively correlated with the
amounts of calcium in the fruit (81).

Total pectin content,

which consisted largely of calcium and magnesium pectates
was found to be positively correlated with firmness.
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In a

study of the factors idilch influenced firmness in tomatoes,
Hanson (32)

found total pectin as well as certain pectin

fractions to be significantly correlated with firmness.
Softening of the fruit was accompanied by changes from
insoluble to soluble pectins (47)>

The content of proto

pectin or water insoluble pectin of the middle lamella of
many fruits was found to decrease as the fruit matured.
This change resulted in softening and finally maceration
of the tomato tissue.
A tomato line with firm fruit accumulated more calcium
in the fleshy portion of the fruit and showed a greater in
crease in firmness when grown in high-calcium nutrient
solution than other lines with softer fruit (32).

The

genetic character for firmness of the fleshy tissue of
the fruits of most firm tomato lines appeared to be far
more important in affecting firmness than such fruit char
acteristics as skin strength, thickness of outer and inner
walls, proportional and structural arrangement of wall tissues,
number of locules, or size of fruit (3 2 ).
An increase in calcium content of fruit tissue has been
found to increase firmness (44), and in such fruits the
osmotic concentration of expressed juice was relatively
low (81).

It therefore seems reasonable to expect that

high calcium and relatively low osmotic value of mature
green fruit might be associated with a low degree of crack
ing.

Osmotic concentration of tomato juice was found to
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increase more than 20 percent during ripening (81).

The

role of osmotic concentration in tomato fruit cracking
appears to be that of increasing the turgor pressure thereby
exerting greater pressure against the skin causing it to
crack.

These findings, however, are not in agreement with

those 6f Thomas (77) who found no relationship between fruit
cracking and osmotic concentration of tomato fruit juice.
Ensymatic activity has been found to gradually reduce
the level of calcium pectate in the middle lamella during
ripening (5,$2).

The decrease in calcium content of fruits

between mature green and red ripe stages of development was
indicated by Whatley (81).

The ensyme which reacted with

the middle lamella was found to be a pectinsse (5).
Whatley (81) proposed a hypothesis to explain radial
cracking in tomato fruit.

He observed that as the tomato

fruit ripened the calcium content decreased as a result of
ensymatic activity which weakened the cellular structure
of the fruit.

The increase in osmotic values affecting

,the contraction and expansion of fruits due to differences
in day and night temperatures resulted in mechanical stress
within t&sifbviit. Therefore, he believed that cracking resulted
from an increased turgor pressure directed against a weakened
fruit skin.
Studies on the chemical changes that occur in tomato
fruits during ripening on the vine have been reported by
several workers (34>53>89)>

McCollum and Shack (53) reported
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that carbohydrate tranalocatlon into the fruit became negli
gible 9 to 10 days after the turning stage of maturity.
Yamaguchi et al (8 9 ) found that pH and total solids increase
in the tomato as maturity progressed from the pink to a soft
ripe stage. Hanna (34) concluded that there was no appreciable
change in soluble solids of tomatoes on a plant between 9 and
31 days after the breaker stage of maturity.

However, there

were differences in soluble solids among varieties and a
progressive increase in pH during maturation in all of the
varieties studied.

A high degree of correlation between

pH level of the fruit and maturity was established.
The stem end of tomato fruit was reported to be signif
icantly less resistant to mechanical puncture than the
middle portion, and the middle portion was less resistant
than the blossom end (40).
Johanessen (40) showed that skin strength, as measured
by resistance to mechanical puncture, was not the main factor
in measuring resistance to cracking.

He suggested that

further investigations be made on the elasticity of tomato
fruit skin as related to crack resistance.

He found that

John Baer, a variety very susceptible to cracking, had a skin
more resistant to puncture than Other varieties which were
less susceptible to cracking.
Ryder (70), using a numerical measure of skin stretching,
found a correlation between crack resistance and fruit skin
toughness or elasticity. He (70) pointd out that, in general.
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toMtoes résistant to cracking possess a more extensible
epidermis than those susceptible to cracking.

Ryder (70)

also believed that a premature cessation of growth in the
epidermal tissue was associated with fruit cracking.

It

was noted by Reed (66) that when calcium was withheld from
the plant new cell walls were formed imperfectly or fre
quently did not develop at all.
Johanessen (41) exa^ned sections of skin tissue adja
cent to fresh radial cracks of ripe fruits of the John Baer
variety and observed that rupturing occurred not only between
but also through epidermal cellk. He observed certain dif
ferences between crack susceptible varieties, such as John
Baer, and lines considered crack resistant.

In general,

he reported that in a crack susceptible variety cutinisation
extended further into the collenchyma layers.
layers varied in thickness.

The cutinised

There was distortion of epidermal

cells due to cutinisation, more flattening and stretching
of collenchyma cells and more collenchyma layers adjacent to
the epidermal layer.

Johanessen (41) further stated that

in both the crack resistant and susceptible strains the skin
structure varied between sections taken from creases lying
above

interlocular septae of the same fruit.

Some had

fewer and less flattened collenchyma layers, smaller, less
stretched epidermal cells and less cutinisation than others.
He further stated that in radial crack susceptible lines
there was a breakdown of cementing substances which held the
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collenchyma cells together along with a

collapse of some

of the parenchyma cells.
Ryder and Smith (70) reported that high crack resistance
was noted in certain fruits with small, shallow stem scar
depressions.
Many investigators (14,26,67,76,78,90*93) have noted
substantial differences in the amount of cracking among
varieties and strains of tomatoes.

They reported that

differences in crack resistance are present in some tomato
varieties and strains but crack immunity is apparently not
present in any of them.

A high degree of resistance has

been noted in the larger fruited variety Crack-Proof (67,93)*
Among the lines reported to have crack resistance are Bro%m *s
Special (26), Chesapeake (76), Glamour (78), breeding line
No 222 (1 4 ,6 7 ), and Alabama 10-1 (90).

Radial crack resist

ance of Campbell*s 135 and 146 was significantly better than
that of Improved Garden State and Rutgers (68).

Outstanding

resistance was exhibited by Campbell*s 135 with a three year
average resistance score of 89.2 out of a possible score of
100.

The resistance of Campbell*s I46 with a three year

average score of 82.3 was also significantly better than
the standard varieties.

Bohn and Scott (4) considered

Globe as relatively free from cracks.

The Pinkdeal variety

(4 8 ) is resistant to fruit cracking under environmental
conditions that cause severe cracking of other commercial
varieties in East Texas.

Cracks on the fruit of Pinkdeal
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that develop are usually shallow and do not decrease greatly
the market value of the fruit.

The Floralou variety has the

best level of resistance to radial cracking now available in
Florida bred varieties (83).
Varying degrees of resistance have been found in small
fruited varieties of Plum tomatoes, Pear tomatoes and in
strains of red currant tomatoes (8,10,67)•

Some varieties

appeared to be resistant to cracking early in the harvest
season but susceptible at the end of the harvest period (9 2 ).
Frazier and Bowers (26) reported varieties that show suscep
tibility to radial cracking during part of the season and
to concentric cracking in another part of the same season.
Data by Young (90) and Reynard (67) indicated differences
in severity of cracking for the same lines between growing
seasons.
Fischer and Von Sengbush (22) reported recovery of resist
ance in-progeny with small fruit type.

Reynard (67) working

with crosses of resistant and susceptible tomato lines‘re9

covered both parental types in the progenies, thus demonstrating
that crack resistance was hereditary.
In a comprehensive study of the possible genetic patterns
of crack resistance, Thomas (77) revealed that in his material,
only two or three major genes were affecting crack resistance.
Reynard (67) indicated that resistance was recessive since
all

seedlings were susceptible to cracking.

He suggested

that at least two gene pairs were involved in resistance to
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radial cracking.

Young (90) suggested two major gene pairs
»

for resistance to radial cracking in a cross between Alabama
10-1 and Marglobe*resistance was found to be recessive.
Ryder (70) followed the partitioning method of analysis
(6 4 ) and he concluded that resistance was a quantitative
character* resulting in a very wide range of degree of
resistance.

Gene effect was considered to be multiplicative

rather than additive.
both exhibited.

Genic dominance and epistasis were

Prashar (65) found that crack resistance

is incompletely dominant and fruit cracking in tomatoes
is a quantitative character that may involve several major
and minor genes.
Charles and Smith (72) pointed out that the isolation
of monogenic difference is generally very difficult in the
case of quantitative characters and that it is generally
more practical to determine which of the commonly proposed
simple schemes of inheritance comes nearest to compatibility
with the data.

The best fit of the data obtained by Prashar

(6 5 ) to the genetic model was obtained when it was assumed
that there were two strong and two weak genes for crack
resistance with interallelic interaction.

Also he indicated

that resistance is not controlled by the same genes in all
varieties.

It is possible to accumulate a higher degree of

resistance by a cross between two resistant parents or
resistant I susceptible parents.
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Hepler (37) reported the results of « genetic test
involving seversl crosses between resistant and susceptible
parents.

In each of 4 different crosses, he found different

modes of inheritance.
gene action.

In one cross he found an additive

In a second cross he obtained a partial domi

nance for susceptibility.

In the third cross he found partial

dominance for resistance and in the fourth cross he obtained
complete dominance for susceptibility.

The number of genes

affecting this character varied among the parents.

There

were possibly 3 pairs of genes controlling cracking in tomatoes.
Young (90) found the character for radial crack resistance to
be recessive and controlled by two gene pairs designated as
Cr cr and Rc rc located in linkage group III and IV, respective?
ly.
Many different genes governing crack resistance in tomato
fruits are located in a number of different varieties and
strains.

Various levels of resistance in any variety may

be present due to the possession of different resistant genes
or combinations of these genes (68).
Hunger (55) reported on the possibility of recovering
genes for resistance in susceptible varieties.

He obtained

transgressive segregation for resistance in some crosses.
New strains were found to be more resistant than the most
resistant parent.
The study of hereditary and environmental components of
variation had its beginnings in the work of Johann son (42),
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East (16), and Nil«aon-Ehle (56).

Johann son demonstrated

that both heritable and non-heritabis factors contributed
to variation in segregating populations.

Variation in pure

lines could be entirely environmentally caused.

East and

Nilsson-Ehle (16,56) danonstrated that the work of Johannson
conformed with the concept of Mendelian genetics.

Fisher (18)

separated genetic variance into three components, that due
to additive effects, that due to dominance, and that due to
deviations from the additive scheme attributable to interallelic Interactions.

The additive portion of the genetic

variance reflects the degree to which a progeny is likely
to resemble the parents.

Fisher, Immer and Tedin (21),

Powers (5 8 ,5 9 ,6 0 ,6 1 ,6 2 ,6 3 ) and Powers, Laeke and Garret
(6 4 ) have expanded this concept and made further applications
of the formulae and methods for partitioning variance into
components.
Panse (57) studied variation and further subdivided
it into the portion attributable to additve genetic effects
and that due to deviations from the additive scheme.

Lush

and Panse (49,57) proposed the use of the ratio of the
additive genetic component of variance to total variance as
a measure of the degree of heritability.

Heritibility has

been defined by Lush (49) ss that fraction of total variance
within a segregating population attributable to additive
genetic effects.

Heplèr (37) estimated heritabilities in

different accessions of tomato.

He concluded that the estimates
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of heritabillty are divergent* but a pattern was Indicated
with crack remiatant parents.

Heritability estisates cal

culated from the additive variance components were hiid^er
with accession 284 than accession 266 as a parent.

He found

different estimates for heritability depending on whether
the additive portion compared to the total variance or the
whole genetic variance to the phenotypic variance was used.
Powers (63) presented formulae for analysis of the
means based on theories of inbreeding developed by Wright
(80) et al.

They are based on the hypothesis that there

are no interallelic interactions and no epistasis.
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M/IIBRIALS AND METHODS
The materials used in this htudy consisted of two tomato
varieties, Pinkdeal and Floralou.

Pinkdeal or Step 329 (48)

was released as a resistant variety to fruit cracking in East
Texas. It-has shown marked resistance under Louisiana climatic
conditions.

Floralou (83) or Step 346, was developed as a

crack resistant variety in Florida.

It showed a moderate

degree of resistance to radial cracking in the Louisiana
trials.

In these tests Pinkdeal was used as a crack resistant

parent M d Floralou as an intermediate parent.

Another seed

ling, L92, a line from the Louisiana Agricultural Experiment
Station in Baton Rouge, was used as a susceptible parent.
The two varieties and the tomato line are of the species
L. esculentum.
During the Spring and Fall of 1962 the following crosses
were made in the greenhouse;
1.

Pinkdeal (P^) X Floralou (P2 ) to obtain F^ and F2 seeds.

2.

Pinkdeal (P^) X L92 (Pg) to obtain F^ and P 2 seeds.

3.

(Pinkdeal X L92) F^ X Pinkdeal (to obtain backcross
seeds to the resistant parent.

4.

This progeny was

referred to as B_ ).
Pi
(Pinkdeal X L92) F^ X L92 (to obtain backcross seeds
to.'^he. susceptible .parent.

This progeny was referred

to as Bpg).
5.

Floralou X L92 to obtain

and F2 seeds.

17
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6.

(Plomlou X 192) Pi I Floralou to obtain backcroas
seeds to the intermediate parent.

This progeny was

designated Bp^).
7.

(Floralou I L92) F^ X 192 (to obtain backcross seeds
to the susceptible parent.

This progeny was designated

«
V
Tomato controlled crosses were made in an air conditioned
greenhouse.

The flowers on each female parent variety were

emasculated before anthesis occurred and pollen was obtained
from the anthers of a desirable polleniser to make the cross
or backcross.
The parental varieties and seedlings were considered
genotypically homozygous.

In each cross in these studies

the resistant parent was designated as P% and the susceptible
parent as p2 .
Seedlings* two weeks old, from each progeny were potted
in the greenhouse.

They were allowed to grow for three

more weeks and then moved into the field in both the Fall
of 1962 and the Spring of 1963*

All of the plants were

staked, pruned, and trained to a single stem.

A sprinkler

irrigation system was used to water the fields during pro
longed dry periods especially in the Fall.

The fruit on

each plant of each parent, F^, F 2 and backcross progenies
were harvested in the red ripe stage in the field.

The

fruits were picked and classified according to a scale of
0 to 5 as follows:
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0 = fruits with no cracks extending beyond the stem scar
1 =

radial

cracksless

than5 mm.

2 =

radial

cracksless

than10 mm.

3 =

radial

cracksbore

than10 mm.

4 =

radial

crackspast

the shoulder of the fruit

5 = fruits with cracks extending half way between the
stem scar and blossom end
A similar classification of degree of cracking by
numerical ratings had been used by Reynard (67) and Prashar
(65).

From 5 to 12 fruits per individual plant were scored

and an average of the numerical ratings was used as a fruit
cracking index for each plant.

Radial cracking of the fruits

occurred under the natural environmental conditions of
Louisiana.

Frequency distribution tables were made for

parents, F^, F 2 and backcross progenies giving the distri
bution of each plant in each population in the crack index
scale of 0 to 5 .

The cracking index scale expresses the

length of the crack as a proportion of the fruit size.

The

number of cracks per fruit was not considered, since any
fruit was considered useless with one large crack.

The

means, variances, standard error of the means, differences
between means and standard error of the differences were
calculated in accordance with methods by Snedecor (74).
These values were used in studying the genetic behavior
of resistance to cracking in different populations.
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A.
1.

Mode of Inheritance

Dominance
For each cross the methods for the analysis of quanti

tative characters were based on the additive model of gene
action.

The nature of dominance was evaluated by comparing

the expected arithmetic means with the observed means of the
Fl, Fg,

and Bp^ generations.

The formulae used for the

calculation of the theoretical or arithmetic means and their
standard errors were provided by Power (64) as followst
Population

Theoretical Mean

Fl

(Pi + P2)/2

F%

(Pi+P2+2Fi)/4

%
B.
P2

Standard Error
y (s2pi+s2p2>/4
\/ (i s 2 p i + s 2 F i + i s 2 p 2 > / 4

(Pi + Fi)/2

V

(s2pi+5Fi)/4

(?2 + F^)/2

V (52p2+ëiPi)/4

wheret
h

observed mean of the resistant parent

h

observed mean of the susceptible parent

F^ = observed mean of the F^ population
s^P^f -2
s^P2 , s^F^ are the variances of the two parents
and F^ generation
If the observed mean is equal to the arithmetic mean
or the difference is not significant, absence of dominance
is assumed. When the difference is significant dominance is
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asmmed.

The degree of dominance may be expressed as the

ratio between the genotypic value of the heterosygote Fi or
(d) value to the genotypic value of either parent or (a) value.
In the case of polygenic allelomorphs, the ratio of

- M.P. /

^ (Pg-P^) is a measure of relative potency of gene sets ($1,
84).

In this cross M.P. is defined as the average of the

two parents.

A value of 1.0 indicates dominance and a value

of 0 indicates no dominance.
Genes that show no dominance are called additive genes,
or are said to act additively (17)*

Mather (51) provided

formulae for testing deviations of segregating generations
from the additive model of gene effects.

The formulae are

as followI
Variance

Scaling Test
A = 2Bp^ - P^ - Pi

Va = 4VBp^+ Vp^ +

« “ *V
■ ^2 ■
C “ IPg “ 2Fi “ Pi — P2

Vb = 4VBp,+

\

+ Vpi

= 1«VP2+ 4Vp^+ Vpj^+ Tp^

If the "Scale Test" is adequate the quantities A, B, and C
will each be within the limits of sampling error from zero.
The standard errors of A, B, and C were calculated as the
square roots of the corresponding variances.
2.

Nature of Gene Action
The nature of gene action was determined by comparing

the expected means of the F^, Fg, and Bp^, and Bp^ populations
on the basis of arithmetic and geometric gene action with the
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observed means.
generation and

The expected arithmetic means of the
backcross segregating populations were

calculated as mentioned before by using formulae provided
by Power (64).
The expected geometric means were calculated by the
method reported by Charles and Smith (12) as follows*
a.

expected geometric mean for Fi(Vi) = \f V q -^o^

where:
Vq = observed mean of one parent
= observed mean of another parent
b.

expected geometric mean for F 2 (V2 ) =
+ -|r

Vo - log.

where:
N = number of loci involved in the difference
between the two parents
Number of loci in these test was substituted by
applying the number obtained by the Wright
formula (9).
c.

d.

expected geometric

mean for backcross to the resistant

parent »p ^(Vr ) “V

^o *^2

expected geometric

mean for backcross to susceptible

parent Bp^(V^) =\f
To

.Vg

obtainestimates of the number of effectivefactors

and heritabilities of the fruit radial crack resistant charac
ter in the crosses, the phenotypic 'variation was partitioned
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into ±ta environmental and heritable components.
of the two parents and

The variance

generation provided the estimate for

environmental variance (17).

The heritable variance was

divided into an additive or fixable component, D, and a domi
nance or non-fixable component, H.

The P^ variance was ex

pressed as:
J D + i H + E
The summed variance of the backcrosses was expressed as:
J D + 4 H + 2E
where:
D = additive or fixable component
H = dominance or non-fixable component
E = environmental component
The dominance component was obtained by subtracting the
heritable variance of the Pg progeny from the sum of the
backcross heritable variance as follows:
(VBp^ + VBpj) - (VFj) = (iD + iH) - (Jd + iH) =

The additive component D was obtained by substituting the
estimate of the dominance component (H) in the formula for
P 2 variance.
3.

Estimating Number of Genes Controlling the Difference
Between Parents
Three formulae were used to obtain estimates of the

number of effective factors as follows:

(a)» Castle-Wright formula (11)
N = ________B?________
8 (sZpg - s^Pi)
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N = minimum number of genes
D m the difference between the two parental means
s^F^ " variance of

generation

s2 P 2 " variance of F 2 generation
The Castle-Wright formula is commonly usedas

a statistical

mean of estimating number of pairs of genesfor
character.

a quantitative

The formula assumes the following:

a.

Equal effect of genes involved

b.

Additive gene action

c.

Absence of dominance

d.

Maximum range exists between parents

e.

One parent contributes only genes with plus effects
and the other parent only genes with minus effects

(b).

The Wright formula (9) states;
N m

0»25 (0 . 7 5 - h + h2) p2
sZPg - s^F^

Where:
h ■

^ 1 - ^1

Pg - Fl
N = minimum number of genes in which the parents differed
D = ?2 - Pi
mean of one parent
P2 = mean of the other parent
F^= mean of the F^ generation
s^Fjl = variance of the F^ generation
s^Fg = variance of the Fg generation
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The assumptions on which this formula is based are:
a.

No linkage between pertinent genes

b.

One parent supplies positive factors and the other
parent supplies negative factors

c.

Allgenes are equal in their contribution

d.

The degree of dominance of all dominant factors
is the same for all

e.

No interaction exists between pertinent non-allelic
genes

The above mentioned assumptions should be fulfilled to give
reliable estimate of number of genes.

(c). Mather*s formula (5l)
Ki =(P^-P2)/4D
= minimum number of genes
Pj and Pg = the parental means
D = additive genetic variance
This formula: assumes that:
a.

All plus genes are in ônè parent, and all minus
gènes are in the other

b.

Gene effects are additive and equal with no
linkage among pertinent genes

Incomplete concentration of the genes will give an under
estimate of the number of effective factors .
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4.

Emtimmtion of Heritability
Heritability was estimated by two different methods.
(a). As a ratio expressed in percent of the variance
due to the additive effects, or D, to the sum of
the total variance, or D + H + E (73).
**"ïrriïTT*“ »

where:
h = heritability
D = additive or fixable component
H “ dominance or non-fixable component
E " environmental variance
D + H + E = variance of P2
(b). Heritability in a broad sense was estimated as the
ratio of the genetic variance to the phenotypic
variance

in percentage (49) as follows:
u -

s^G

where:
2

s G = genetic variance
O

s P — phenotypic variance = variance of F2
B.

Association of Crack Resistance With Other Characters

The three parents used in the test of mode of inheritance
were evaluated for other quality factors such as, firmness
of flesh, soluble solids, sise of scar depression, and fruit
sise.

Statistical analysis has been applied to the data

recorded.

If any two varieties showed a significant difference
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in a particular character further study was conducted to
test the association of this character with radial crack
resistance index.

Radial crack resistance index in this

test was recorded by measuring the longest radial crack
in millimeters for each fruit.

The raw data were trans

formed to the square root of X + 1 before being, analyzed
statistically (74).

The transformed data of length of

crack were considered as an index of crack resistance per
fruit.
Firmness of the fruit of Pinkdeal and LÇ2 was determined
by the Asco firmness meter (31).
this character.
plant in the

The varieties varied in

Also, firmness of the fruits for each
and Fg generations was determined.

fruits were picked in the red ripe stage.

The

The resistance

of a fruit to constriction for 15 seconds was measured on
a scale from 0-10 and the values obtained were inversely
related to fixrmness.
Soluble, solids of the fruits from each plant in all
progenies were measured with a hand refractometer.

The

samples were prepared by straining a drop of juice from
each individual fruit of the population through 2 layers
of cheesecloth.

These measurements were made in Pinkdeal

and L92 and the F^ and F 2 generations of this cross.
The stem scar diameter of each fruit of different
progenies was measured in millimeters.

The stem scar

of each fruit was an average of two measurements, the
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widest possible diameter and the narrowest possible diameter
of the scar.
The mean diameter of the fruits from each plant in the
progenies was measured by the Asco firmness meter.
Simple and genetic correlations were calculated for
a study of the interrelationships of the crack, firmness
and refractive indices.

Also simple and genetic correlations

as well as the partial and multiple correlations were
computed for the study of the association of stem scar
width, fruit size and crack resistance.
(1).

Simple or total correlation was used to measure

the degree of association between any two characters.

It

was calculated from the following formula (74):
p =

cov. XI X2
(s2xi) (s^xg)

where:
r = the correlation coefficient
cov. = covariance
x^ = measurement of one variable
Xg " measurement of the other variable
82 =! variance
(2).

Genetic correlation was calculated, as proposed

by Comstock (9), to measure the genetic association alone
between the two variables as follows;
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genetic correlation -

cov.

%2 ^2 “ c o t .

%2

\f.(a^XiPg-a^xiFi)(
wheres
COY. " covariance
x^ = meaaurement of one variable
X2 " measurement of another variable
.2

variance

(3).

Partial correlation refers to the association

between two variables when a third one (or more) is
eliminated as a factor influencing the two variables.
Partial correlation for three characters, when one
of them is held constant, was obtained by applying the
following formula (74):
**12.3 ”

**12 -(^13

' ^ 23)

/(l-r2i3) (l-r22g)
where:
r^2 . 3 " partial correlation between varialbe 1 and 2
when variable 3 ia held constant
ri2 "

simplecorrelation between 1 and 2

ri3 ** simplecorrelation between 1 and 3
r2 g =
(4)>

simplecorrelation between 2 and 3
Whom one variable is dependent or influenced by

several other variables, the degree to which the dependent
variable is influenced by the others can be detected from
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the multiple correlation.

Where three variables are involved,

the multiple correlation

was calculated from the

following formula (1 ):
1 - (^1 .2 3 )^ “ (1“**^13.2)

where:
23 ° the multiple correlation of variables 2 and 3

with variable 1 .
r^2
r^2 2

simple correlation between 1 and 2
partial correlation between variables 1 and
3 when the effect of 2 is removed
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RESULTS
A.

Mode of Inheritance

I. Crosas

Pinkdeal (P^) X L92 (P2 )

A comparison of the mean fruit cracking indices of the
parents,

Fg and backcross prog^ies for 1962 and 1963

are shown in Table 1.

The average fruit cracking index of

the parents and progenies in the Spring of 1963 tended to
be higher than in the Fall of 1962.

However, the differences

between the mean cracking indices of the parents and pro
genies were not significant between the years 1962 and 1963
except for the F^ and Bp^ progenies which showed a significant
difference.
The data for the two seasons were not combined and they
were analysed separately.

The mean cracking indices between

the two parents in both seasons showed a significant differ
ence.

Pinkdeal had an average fruit cracking index

of

0 .7 7 7 - 0 . 1 0 3 and L92 had 3*250^0.123 in the Fall of 1962.

The mean difference of 2.473^0.160 between the two parents
was significant at the 5 percent level of probability.

In

1963 the mean cracking indices of Pinkdeal and 192 were

0.9 14 -O.112 and 3*529^0.117« respectively, having a signifi
cant mean difference of 2.615^0.162.
The distribution of plants among the fruit cracking
classes of the parents, F^, Fg and backcross progenies
is shown in Table 2 and Figure 1 for Fall of 1962 and
Table 4 and Figure 2 for Spring of 1963.
31
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Table •1.

A comparison of the mean fruit cracking indices
the parents,
Fo and backcross progenies
for 1902 and 1903

Parents and
Progenies

Mean
Difference

Season
,

Fall 1062

Spring 1963

0.777*0.103«

0.914 * 0 .112«« 0.137*0.080

Pj (L92)

3 .2 5 0 * 0 .1 2 3 *

3 .529 * 0 .1 1 7 ** 0 .279 * 0 .1 6 9

Pi (Pi X P2 )

1.640*0.162

2 .235 * 0 .1 2 7

0.595*0.206«««

Pj %Pi I Pj)

1 .4 2 7 * 0 . 0 6 9

1 .563 * 0 . 0 6 5

0 .2 0 5 * 0 .0 9 4

Bpj(PlXP2>Fl X Pi

0 .86 9 * 0 . 0 9 9

1 .074 * 0 . 0 9 3

0.473*0.136«««

BpztPlXPztPl X P2

1 .989 * 0 . 1 0 5

2.462*0.087

0.138*0.136

(Pinkdeal)

***8ignificant at 5% level of probability
««The mean difference of 2.615^0.162 between Pinkdeal (P, )
' and L92 (P^) is significant at 5% level of probability
«The mean difference of 2.473^0.160 between Pinkdeal (P,)
and L92 (P2 ) is significant at 5% level of probability
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1.

Dominance
The data presented in Table 3 for the Pall of 1962

indicated that the

mean difference between the observed

and arithmetic means was 0.373^0.180.
additive, the observed

If the genes were

mean cracking index should equal

the arithmetic mean within the limits of experimental error.
The curve for the distribution of the tomato plants among
the fruit cracking classes is shown in Figure 1.

A de

parture of the observed mean from the theoretical mean
resulted.

Fifty-two percent of the total plants had a

cracking index lower than the theoretical or expected
arithmetic mean of the F^ progenies And 12 percent were
above the theoretical mean.
For the Spring of 1963 the experimental data are
shown in Table 5>

There was no significant difference

between the expected arithmetic and observed means of the
F^ progenies.
similar.

As shown in Figure 2 the two means were

Half of the total population was in the range

of the arithmetic mean.

The deviation of the mean crack

ing index of the F^ from the mean of the two parents in
the Fall of 1962 does suggest a certain degree of dominance.
The potency ratio of 0.301^0.146 (Table 3) for the
F^ and the parents in this cross in 1962 showed partial
dominance of the character for crack resistance.

However,

in 1963 the potency ratio was 0.01-0.114 (Table 5) which
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I p d f .,the «ddltive effect of genes for crack resistance,
but it does not eliminate the possibility of dominance.
In 1962 the modal mean of the

was in the same

class as the modal mean of Pinkdeal, a resistant parent
(Table 2).

However, results in 1963 indicate an inter

mediate response of the

to the parents (Table 4)*

Although the modal mean of P^ was placed in class 2, it
is still closer to the modal mean of Pinkdeal than that
of L9 2 .
All the evidence from the P^ is in favor of partial
dominance of genes controlling fruit crack resistance.
The nature of the dominance as evaluated by the com-parlson between the expected arithmetic and observed means
of the P2 and backcross segregating populations using
formulae by Power (43) showed that the observed means
significantly deviated from the expected arithmetic ones.
The eomparispn of these means are shown in Tables 3 and 5 .
The frequency distribution of the plants into different
cracking classes for the P 2 progeny is shown in Table 2
for the Pall of 1962 and in Table 4 for the Spring of 1963.
The data showed that the plants were distributed among
all fruit cracking classes (0 to 5).

Sixty-one percent

of the plants had a higher resistance index than the
arithmetic mean in the Fall.

In the Spring, approximately

53 percent of the plants had a high crack resistant index.
The data for 1962 and I 9 6 3 , Tables 3 and 5» respectively,
show that the expected arithmetic mean cracking indices
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are h i ^ e r than the observed means.

The distribution of

the plants among fruit cracking classes of the Pg progenies
showed a Akewness

toward the Pinkdeal parent (Figures 1 and 2).

The means of the cracking index of the backcross (Bp^)
to the resistant parent were 0.869^0.099 in 1962 and
1.074-0.093 in 1963*

These observed means were smaller

than their comparable expected arithmetic means showing
differences with significant values of 0.339-0.137 in
1962 and 0 .4 9 5 ^ 0 . 1 2 5 in 1963» thereby, the results indicate
that the genes for crack resistance were not additive.
The distribution curves of the plants in different crack
ing classes of these progenies are shown in Figures 1 and
2.

In 1962 about 42 percent of the total number of plants

had a fruit cracking index lower than the arithmetic mean.
This percentage is twice as high as those of the plants in
the susceptible range having a cracking index larger than
the theoretical or arithmetic mean.

In 1963 about two-thirds

of the plants showed crack resistance as the fruit cracking
index was lower than the expected arithmetic mean.
The calculated arithmetic means for the backcross
(Bp^) to the susceptible parent (P^) in both seasons were
considerably larger than the observed means.

The differences

between the arithmetic and observed means were 0.456-0.145
and 0 .4 2 0 - 0 . 1 2 2 in the Fall and Spring, respectively. The
deviations of the observed from the arithmetic mean for
the two seasons are shown in Figures 1 and 2.

Approximately
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Table 2.

Frequency distribution of tomato plants of the
parents. Pi, F 9 and backcross progenies into
different fruit cracking classes for a cross,
Pinkdeal (P^) X L92 (P2 ), in Fall, 1962
Population

Class

Pi

0*

P2

Fl

F2

®Pl

®P2

27

35

13

95

30

37

2

9

55

14

32

3

14

2

15

5

15

4

4

1

8

9

1

1

5

1

12

2

1

3 **

Population
Mean
sx
s2

18
0 .7 7 7
0 .1 0 3

0.1831

20
3 .2 5 0
0 .1 2 3
0 .3 0 2 6

25

201

84

1.640
0.162

0.069

0 .8 6 9
0 .0 9 9

0 .6 5 6 6

0 .9 6 6 0

0.8260

1 .4 2 7

sx = standard error
s2 = variance
*Clas8 0 B no fruit crack
**Class 5 ■* severe fruit crack
Bp^ = backcross to Pinkdeal, a resistant parent
Bp^ » backcross to L92, a susceptible parent
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1.989
0 .1 0 5
0 .0 4 2 9
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I

I
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O
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5
n
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Table 3*

CQ

O
3
CD

Gener
ation

Observed
Mean

Comparative data for observed and theoretical means,
mean differences, scaling and potency tests of a
cross, Pinkdeal (P^) X LÇ2 (Pg), in Fall, I 962

Arithmetic
Mean

Arithmetic Geometric Geometric
Mean
Difference
Difference

Scaling

Potency
Test

3.

3"
CD

c3

"O

Pi

0 .777 - 0 . 1 0 3

p%

3 .2 5 0 ^ 0 . 1 2 3

o

Pi

1.640*0.162

2.013*0.080

0.373-0.180*

1.589

0 .0 5 1

■D
O

F;

1 .42 7 - 0 . 0 6 9

1 .926 - 0 .0 9 8

0 .4 9 9 - 0 .1 1 9 *

1.745

0.318

C= -1 .599 * 0 .4 54 *

=1

0 .869 * 0 . 0 9 9

1 .208 * 0 . 0 9 5

0 .339 - 0 .137 *

1 .0 5 2

0.183

A= - 0 .679 * 0 .275 *

=2

1 .989 * 0 . 1 0 5

2 .445 * 0 . 1 0 1

0 .4 56 * 0 .1 45 *

2 .1 5 4

0.164

B= - 0 .912 * 0 .292 *

o

Q.

C

a

3

CD

Q.

■CDD

- 0 .301 * 0 . 1 4 6

^Significant at 5% level of probability
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Figure-'1.

Class*

Distribution of tomato plants of the parents,
progenies into different fruit cracking classes

O.m. = observed mean
Th.ffl. = theoretical or arithmetic mean
*Class 0 = no cracking
*Clas8 5 — severe cracking
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Table 4«

Fruit
Cracking
Class

Frequency distribution of tomato plants
p a r e n t s , F £ and backcross progenies
different fruit cracking classes for a
Pinkdeal (P^) X L92 (P2 ), in Spring,

of the
into
cross,
1963

Population

“■
P2

Fl

F2

®P1

®P2

•

0*

8

25

25

5

94

31

19

1

23

2

3

2

17

64

21

47

3

1

8

11

33

5

36

19

1

7

4
5**
Population
Mean
sx
s^

18
1

5
35

34

0 .9 1 4

3 .5 2 9

0.112

0 .1 1 7
0 .4 7 1 4

0 .4 3 3 6

34
2 .2 3 5
0 .1 2 7
0 .5 4 8 8

223

1.565
0.065
0.9585

82
1.074
0 .0 9 3
0 .7 6 2 2

sx - standard error
s^ “ variance
*Clas8 0 " no fruit cracking
**Class 5 " severe fruit cracking
Bp^ » backcross to Pinkdeal, a resistant parent
Bp

"= backcross to L92, a susceptible parent
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Table 5.

^

Comparative data for observed and theoretical means^
mean differences, scaling and potency test of a
cross, Pinkdeal (P^) X LÇ2 (P2 ), in Spring, 1963

CQ

O
3
CD

Gener
ation
Pi

■CDD
I
C
g
o

Observed
Mean

Arithmetic
Mean

Arithmetic Geometric Geometric
Mean
Differ^ce
Mean
Difference

Scaling
Test

Potency
Test

0.914^0.112
3 .529 - 0 . 1 1 7

Fl

2 .2 3 5 - 0 . 1 2 7

2.221-0.080

0 .014 - 0 . 1 5 0

1 .7 6 9

+0 .4 3 9

F2

1 .565 ^ 0 . 0 6 5

2 .228 - 0 . 0 8 5

0 .663 -0 .1 0 7 *

2 .3 4 6

-0.781

0 = -2 .653 - 0 .398 *

Bl

1 .0 74 ^ 0 . 0 9 3

1 .569 - 0 . 0 8 5

0 .49 5 - 0 .1 2 5 *

1 .1 9 5

-0 .1 1 9

A= -1 .005 * 0 .251 *

^2

2.462±0.087

2.882±0.086

0 .4 2 0 - 0 .122 *

2 .3 5 0

+0.112

B= - 0 .840 * 0 .245 *

.010^0.114

3

■D
S

&
O
c
%

♦Significant at 5% level of probability
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Distribution of tomato plants of the parents, F^, Fg and backcross
progenies into different fruit cracking classes

O.ffl. = observed mean
Th.m. = theoretical or arithmetic mean
fClass 0 = no cracking
*Class 5 = severe cracking
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73 percent of the plants in 1962 and 54 percent in 1963
were on the resistaht side of the distribution curve.

In

both seasons thesç plants had a fruit cracking index lower
than the arithmetic means.
The scaling tests (Tables 3 and 5) show that the
quantities of A, B and C were not zero but rather were
high enough for statistical significance, thereby indi
cating no additive effect of the genes for crack resistance.
From the above analysis, the mode of inheritance of
crack resistance in these tomato parents suggests partial
dominance of the genes as transmitted by Pinkdeal.
2.

Nature of Gene Action
To determine the nature of gene action two systems

(arithmetic and geometric) are considered.

In the arith

metic system there are no interactions between the genes
affecting the quantitative character.

Therefore, each

gene will add or subtract a certain value to the genotype.
In the geometric system the nature of the interactions among
the genes may be such that the effects are geometrically
cumulative or multiplicative.

Comparison between the

obtained means and their corresponding expected arithmetic
and geometric means of all of the progenies are shown in
Tables 3 and 5*

The data in Table 3 show an agreement,

although not complete between the observed and expected
geometric means. A low mean difference of 0.051 (Table 3)
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between the observed end geometric means of the

in 1962

Indicates geometric gene action. These results differed
with those in 1963 (Table 5)*
showed a difference

The observed mean of the

from the geometric means of 0.439*

The difference between the observed and expected
geometric mpans of the F 2 progenies in both seasons had
high values of 0*318 and O.78 I for I 962 and 1963 respect
ively, which are hardly attributable to chance variation.
The mean differences between the observed and corre
sponding arithmetic means for the segregating populations
of the Fg and backcrosses were statistically significant
both in the Fall of 1962 (Table 3) and the Spring of 1963
(Table 5)*

It could not be concluded from the above data

whether the genes controlling crack resistance performed
arithmetically or geometrically.
3*

Estimates of Number of Effective Factors
Several workers had derived formulae to estimate the

number of genes controlling a quantitative character.

The

number of pairs of genes estimated by the Castle-Wright
(11) formula was 2 . 4 7 0 in I 962 and 2.080 in I963 (Table 16).
The Wright formula (9 ) gave a lower estimate of 1.366 pairs
in 1962 and I .8 0 4 pairs in 1963*

Mather*s formula (51)

gave an estimated number of 3*80 pairs for I 962 and 1963
respectively.
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The formulae of Caatle-Wright (11), Wright (9) and
Mather (51) auggeat that 2 to 4 palra of genea control the
inheritance of tomato fruit crack reaiatance in the croaa
Pinkdeal X LÇ2.
In reference to the data for the

population shown

in Tablea 2 and 4, there were 122 out of 201 plants in 1962
and 119 out of 2 23 plants in 1963 that resembled the resistant
parent, Pinkdeal, showing a high recovery of resistance to
fruit cracking in the Pg population. Also 24 plants in 1962
and 7 in 1963 were recovered in the same population resembling
the susceptible parent, L92.

Recovery of the parental geno

types in this population of less than 300 plants indicates
that there was a small number of genes controlling radial
crack resistance.

Also, the recovery of an appreciable

amount of fruit crack resistant plants in the progeny of the
backcross to L92, the susceptible parent, in 1962 (Table 2)
and 1 9 6 3 (Table 4), again suggest a small number of genes
controlling crack resistance in this cross.
4.

Heritability
According to the method of Smith (73) the heritability

for crack resistance was 20.80 percent in the Fall of 1962 and
2 8 . 1 3 percent in the Spring of 1963.

The estimates in both

seasons were low, indicating that the character may be influ
enced more by environment than by genetics.
Heritability in a broad sense, as measured by the method
of Lush (49), was 60 and 50 percent for the Fall and Spring,
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respectively.

Values as high as these are considered

moderate.
The results indicate that the heritability of crack
resistance in this particular population is low to moderate
and that the character is highly influenced by environmental
conditions.
This suggest that low to moderate progress may result
from single plant selection in an early segregating gener
ation .

The extent to which genetic variation can be

recognized in selection depends upon environmental influ
ence and interaction between environment and genotypes.
Forty to 50 percent of apparently selectable variation in
the Pg population would appear to be induced by the inter
action of genotypes and environment and the remainder of the
variation was entirely due to genetic.
Because of the moderate heritability value 50-60 percent
as shown by Lush (49)> it is suggested that within the Fg pro
genies superior individual plants can be selected.

For

the Pg generation,progeny test for each selected individual
plant should be continued.

The superior families should

then be selected and the superior plants within the family
should be saved for further progeny tests.
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II.

Grossi

Floralou (Pi) X L92 (P2 )

The data of a cross between Floralou (P^), a variety
of moderate resistance to cracking and L92 (P^), a line
susceptible to cracking, are shown in Tables 6, 7 and 9*
Table 6 shows a comparison of the mean fruit cracking indices
of the parents and progenies for I962 and I 9 6 3 .

Tables 7

and 9 show the distribution of plants among classes of
crack resistance for I962 and 1963, respectively.
Although the parents were considered to approach com
plete homosygosity the plants of each parent varied over a
fairly wide range in class rating for cracking (Tables 7
and 9)>

This variability was due to environmental influences

but despite the environmental variability the two parents
differed significantly in degree of crack resistance as
shown in Table 6.

The results of the 1962 and I963 sea

sons were analyzed separately.
The average fruit cracking index of Floralou signifi
cantly differed from that of L92 in 1962 and 1963.

The

average cracking index for Floralou was 1.818-0.226 and
L9 2 , 3 *2 50 ^ 0 .1 2 3 in 1 9 6 2 .

The mean difference of

1 .43 2 ^ 0 . 2 5 7 between mean cracking indices of the two

parents was significant at 5 percent level of probability.
In 1963 the mean cracking indices of Floralou and L92 were
2.057-0.0 9 9 and 3*529-0.117, respectively, having a signifi
cant mean difference of 1.472^0.153*
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Table 6.

Parents and
Progenies

A comparison of the mean fruit cracking indices
of the parents, Pj, Fo and backcross progenies
for 1962 and 1963
Season

Mean
Difference

P^CFloralou)

Fall 1962
1.818*0.226*

Spring 1963
2 .057 * 0 .0 9 9 ** 0 .24 7 *0 . 2 4 6

P2(L92)

3 .250 * 0 .123 *

3 .529 * 0 .1 1 7 ^^ 0 .279 * 0 . 1 6 9

Pl(Pl«2)

1 .870 * 0 . 1 4 5

2 .735 * 0 . 1 4 8

0 .865 * 0 .201 ***

PztPiiPz)

1 .510 * 0 . 0 7 7

1 .627 * 0 . 0 6 9

0.117*0.102

1.716*0.121

2 .871 - 0 . 0 9 8

1.115*0.156«««

1 .904 * 0 . 1 0 5

1 .977 * 0 . 0 9 8

0 .073 * 0 .1 4 4

♦««Significant at 5% level of probability
««The mean difference of 1.472^0.153 between Floralou (P^)
and L92 (P2 ) is significant at 5% level of probability
«The mean difference of 1.432^0.257 between Floralou (Pi)
and L92 (P2 ) is significant at 5% level of probability

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

48

1.

Dominance
The data for the

presented in Table 8.

cross in the Fall of 1962 is
There was a significant difference

of 0.664*0.193 between the observed and expected arith
metic means.

The F% had a mean cracking index of 1.870*0.145

which was similar to the Floralou parent.
The potency test was used to analyze the data from
the cross of Floralou X L92.

The results from the potency

test supported the above data showing dominance of crack
resistance of Floralou over L92.

The potency test value

of - 0 .927 * 0 . 2 3 0 shows almost complete dominance of crack
resistance.

The skewness of the distribution curve toward

the resistant parent of the F^ is shown in Figure 3 .

Eighty-

three percent of the plants of the F^ population had a lower
cracking index than the expected arithmetic mean.
The data for the Spring of 1963 differed from those in
the Fall of 1962.

In 1963 the F^ mean cracking index was

.^ery near to the expected arithmetic mean as shown in
Figure 4.

The low value for the deviation of the F% from

the average of the two parents was reflected in the potency
ratio which approached zero (Table 10).

This low ratio

does not necessarily indicate the additiveness of genes
because individual dominance effect of genes may have
different signs and counterbalance one another.
It is also shown in Table 7 that the modal mean of the
F^ was in fruit cracking class 2 in I962 similar to that of
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Floralou, the moderately resistant parent.
the modal mean for

In 1963, although

was in an intermediate class between

those of Floralou and LÇ2 (Table 9), the large number of
plants which fell in fruit crack resistant classes is an
indication of partial dominance.
From all evidence the F^ generation suggésts the partial
dominance of genes controlling crack resistance.
The most reliable data from the segregating populations
should be obtained from the F 2 generation as it covered a
wider range of phenotypes and was supposed to include more
genotypes.
The high values of the mean differences of 0.692-0.192
and 1 .137 * 0 .1 1 3 as shown in Tables 8 and 10, respectively,
indicated the departure of the observed mean toward the
resistant parent.

The skewness of the F2 population is

sho%m in Figures 3 and 4 . The data in the two figures
indicate that about 85 percent of the plants in 1962 and
80 percent in 1963 had a lower cracking index than the

expected arithmetic means.
In the Fall of 1962 the observed mean cracking index
of thé backcross to Floralou (Bp^) was statistically equal
to the expected arithmetic mean as shown in Table 8.

Also,

the Bg mean cracking index did not differ from Floralou
1
(P^) or the F]^ means. This analysis again substantiated
the above information showing complete dominance of crack
resistance in this cross.
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The mean cracking index of the backcrosa to Floralou
in the Spring of 1963 was similar to the index of Floralou
(P^) as shown in Table 10.

These data again indicate.thb

dominance of the genes in Floralou for crack resistance.
In the Fall of 1962#80 percent of the plants of the backcross to Floralou (Bp^) fell in the crack index range of
0-2.

This degree of resistance is well within the limits

of the mean for the resistant parent.

Similar results were

obtained in the Spring of 1963.
The significance of the deviation of the observed means
from expected means in the backcross to L92 (B^ ) in the
Fall and Spring conformed to the concept of high degree of
dominance effect of genes.

In the Fall of 1962 about three-

fourth of the population showed more resistance than the
expected arithmetic mean.

In 1963 almost the same number

of plants fell in ranges either within the limits or lower
than the expected arithmetic mean (Figures 3 and 4)*
Using the scaling test given by Mather (51)^ the values
B and C for each season showed significant deviation from
zero.

This would assume the disagreement of the scaling

test with the model based on the additiveness of genic effects
(Tables 8 and 10).
All of the evidence with this cross was in favor of the
concept of a high degree of dominance.in fruit cracking resist
ance which could approach complete dominance.
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Table 7.

Frequency distribution of tomato plants of the
parents, Fi, F» and backcross progenies into
different fruit cracking classes for a cross,
Floralou (Pj^) X L92 (Pg), in Fall, 1962

Fruit
Cracking
Class

.Population
Pi

P2

0*

Pi

P2

*^P1

®P2

1

15

6

2

9

72

18

31

1

4

2

5

2

14

41

24

3

2

14

7

. 19

11

30
t*
IS

3

1

6

4

4

1

5**

Population
Mean
sx
s2

11
1.818
0.226
0.5637

20
3.250
0.123
0.3026

31
1.870
0.145
0.6494

151
1.510
0.077
0.9049

60
1.716
0.121
0.8844

84
1.904
0.105
0.9305

ax — standard error

«2 B variance
*Class 0 " no fruit crack
**Claas 5 " severe fruit crack
Bg — backcross to Floralou, a moderately resistant parent
*^1
" backcross to L92, a susceptible parent

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

"CDO
O
Q .
C

g
Q .
"CDO
C/)

W
o'
3
O
?
CD

Table 8.

8

Comparative data for observed and theoretical means,
mean differences, scaling and potency test of a
cross, Floralou (P^) X 1*92 (Pg) * in Fall, 1962

(O '

3"

Ï

3
CD

3.

3"
CD

"OO
O
Û .
c
a
o

Gener
ation

Observed
Mean

CD
Q .

Scaling
Test

Potency
Test

1.818^0.226

Pz

3 .2 50 - 0 . 1 2 3

Pi

1.870^0.145

2 .534 - 0 .1 2 8

0 .664 - 0 .1 9 3 *

2 .4 3 0

—0 . 5 6 0

Pz

1.510^0.077

2.202±0.176

0 .692 ^ 0 .1 92 *

1 .9 0 9

-0 . 3 9 9

C= -2.768±0.495*

®1

1.716^0.121

1 .844 - 0 . 1 3 4

0.128^0.180

1.625

+0 . 0 9 1

A=

1 .904 - 0 . 1 0 5

2 .560 - 0 . 0 9 5

0 .65 6 - 0 .1 4 1 *

1 .6 9 5

0 .2 0 9

®z
■CDD
I
C/)
W

Arithmetic Geometric Geometric
Mean
Difference
Difference

Pi

3

■D
O

Arithmetic
Mean

- 0 .927 - 0 . 2 3 0

0.156*0.381

B= -1 .312 * 0 .300 *

^Significant at 5% level of probability
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Figure 3*

Class*

Distribution of tomato plants of the parents, F^, F2 and backcross
progenies into different fruit cracking classes

0.m« = observed mean
%h.m. = theoretical or arithmetic mean
fClass 0 = no cracking
^ l a s s 5 ~ severe cracking

Ln

c*>

Tibbie 9*

Fruit
Cracking
Class

Frequency dietrlbution of tomato plants of the
parentsf Pi, F» and backcross progenies into
different-fruit cracking classes for a cross,
Floralou (P^) X L92 (P2 ), in Spring, 1963
Population

—
Pi

P2

P2

®Pl

®P2

20

3

2

4

90

28

13

Pi

0«
1

5

2

23

2

6

63

30

16

3

7

8

19

34

25

49

19

5

8

4

29

4
s*«
Population
Mean
sx
s2

1

5
35
2 .0 5 7

0.099
0 .3 4 9 5

34
3 .5 2 9
0 .1 1 7
0 .4 7 1 4

34
2 .7 3 5

0.148
0.7458

215
1 .6 2 7
0 .0 6 7
0 .9 7 3 0

90

1.977
0 .0 9 8
0 .9 0 9 9

109
2 .8 7 1
0 .0 9 8
1 .0 6 5 0

sx — standard error
sfi — variance

«Class 0 " no fruit crack
««Class 5 " severe fruit crack
B
backcross to Floralou, a moderately resistant parent
Pi
Bp^ " backcross to L92, a susceptible parent

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

>
■oD
O
Q .
C

g
Q .
"CDO
C/)

o"

3
O
f

Table 10.

8

5
3"

Comparative data for observed and theoretical means,
mean differences, scaling and potency tests of a
cross, Floralou (P^) X LÇ2 (P2 )t in Spring, 1963

CÛ

i

3
CD

Gener
ation

3.

Observed
Mean

Arithmetic
Mean

Arithmetic Geometric Geometric
Difference

Scaling

Potency

DlffSence

3"
CD

Pi

2 .057 - 0 . 0 9 9

"CDO
O
Q .

P2

3 .5 29 - 0 . 1 1 7

Pi

2 .735 - 0 .1 4 8

2 .793 - 0 . 0 7 6

0.058*0.166

2 .6 9 4

+0 . 0 4 1

P2

1 .627 - 0 . 0 6 7

2 .764 * 0 . 0 9 1

1.137*0.133»

2 .7 8 4

-1 . 1 5 7

C= - 4 .548 * 0 .412 *

1 .977 + 0 .0 9 8

2 .369 * 0 . 0 8 9

0 .4 1 9 * 0 .1 3 2 *

1.829

+0 .1 4 8

A= - 0 .838 * 0 .271 *

2 .834 - 0 .0 9 8

3 .132 * 0 . 0 9 4

0 .298 * 0 .13 5 *

2 .3 6 9

+0 . 4 3 8

B= - 0 .596 * 0 .272 *

O
■D
O

'

- 0 .080 * 0 . 2 2 5

3

CD
Q .

®1
B2

■CDD

♦Significant at 5% level of probability
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Figure 4*

Class*

Distribution a£ tomato plants of the parents,
progenies into different fruit cracking classes

p.m. = observed mean
Th.m. = theoretical or arithmetic mean
*Class 0 = no cracking
*Class 5 = severe cracking
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2.

Nature of Gene Action
The data concerning the nature of genic action as to

whether they are arithmetically or geometrically cumulative
are presented in Tables 8 and 10.

The data show high dif

ferences between the observed and expected arithmetic means
of crack indices for 1962 and 1963*

These results indicate

that the mean fruit cracking index of the different progenies
was not determined by the additive effects of quantitative
genes.
In the Fall of 1962, there was a close agreement be
tween the observed and expected geometric means of crack
indices for the

generation but not in the Spring of 1963.

For the Bp^ progenies the expected geometric and observed
means of the tomato fruit cracking index were in agreement in
both seasons.

Also, the same relationship was found between

the observed and expected arithmetic means of crack indices
in the Fall of 1962, thereby, suggesting an inconsistency
with the geometric cumulative effects of genes.
For the F^ generation and backcross to L92 (Bp^) progenies
the incomplete disagreement between the observed and geometric
means of the crack indices in 1962 and 1963> were in support
of the exclusion of the geometric effect hypothesis.
It could not be concluded from the above data whether
the genes controlling crack resistance performed arithmetically
or geometrically.
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3*

Bstlfliates of Number of Effective Factors
The number of effective factors which were responsible

for the behavior of the two parents as given by the CastleWright formula (11) was one pair of genes in 1962 and two
pairs of genes in 1963 (Table 16).
The number deduced by the Wright (9) formula suggested
that the difference between fruit cracking indices of the
two parents was controlled by one pair of genes.

Mather*s

formula (51)! assumed 4 pairs of genes were effective in
the response of the two parents for crack resistance.
The data for the Pg generation in Table 7 show that
87 out of 151 plants in 1962 were resistant or as resistant
as Floralou.

In 1963> 110 out of 215 plants were as resistant

as Floralou and in some cases segregates were more resistant
than this parent (Table 9).

A few plants were as susceptible

as L 9 2 . The high recovery of genotypes similar to the crack
resistant parent in the F 2 population is an indication of
small number of genes controlling fruit crack resistance
character.
The recovery of both genotypes in the progeny of backcross to L 92 supported this low number of genes.
To summarize, the high frequency of recovery of plants
of the parental genotypes, in the Fg and backcross progenies
suggests a small number of pairs of genes controlling fruit
crack resistance character.

The three formulae of Castle-

Wright (11), Wright (9) and Mather (51) showed that at
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least 1 to 4 pairs of genes were responsible for crack
resistance in a cross between the moderate crack resistant
parent, Floralou, and the crack susceptible parent, L92
(Table 16).
4.

Heritability
The estimation of heritability in the cross Floralou

X L92 as calculated by the method of Smith (73) was 7*35
percent in 1962 and 8.52 in 1963.

When the whole genetic

variance was used in the estimation (49), the heritability
of crack resistance was 44 percent in 1962 and 46 percent
in 1 9 6 3 .

These results show a great influence of the

environment on the expression of the tomato fruit crack
resistance character.
The comparatively low genetic heritability value in
this cross suggests recurrent plant selection for several
generations in a breeding program.

In the F 2 progeny superior

crack resistant plants should be selected.

Progenies from

each plant should be tested and the superior families selected.
Then selection of the superior plants within each superior
family should be continued.

This should be done for at

least 4 generations.
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III.

Cross:

Pinkdeal (P^) X Floralou (P2 )

Table 11 shows a comparison of the mean fruit cracking
indices of the parents and progenies for the cross, Pinkdeal
X Floralou, in I962 and 1963*
The mean fruit cracking index in 1962 for Pinkdeal, the
resistant variety, was 0.777-0.103 and for Floralou 1.818-0.226.
+
~
The mean difference of I.04 I-O.2 4 8 between the two parents
was Significant at the 5 percent level of probability.
In the Spring of I 9 6 3 , a significant mean difference
of 1.143-0.1 4 9 between the two varieties Pinkdeal and Floralou
was found.
There were seasonal effects on the F2 progenies grown
in 1962 and 1963.

The mean difference of the Fg progenies

between the two seasons was significant.
The frequency distributions, means, and variances of
parents, F^ and F 2 progenies of this cross are shown in
Tables 12 and 14.

The distribution curves for the plants

into different tomato fruit cracking classes are demonstrated
in Figures 5 and 6.
As shown in Tables 12 and 14 the plants of the Pinkdeal
variety, a crack resistant parent, were placed in classes
0 through 2 in the Fall of 1962, and 0 through 3 in the Spring
of 1 9 6 3 .

The plants of the Floralou variety were distri

buted into 3 classes in the range of 1 through 3 in both
seasons.

An overlapping of classes in the distribution of

the plants of both parents resulted.

However, the significant
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Table 11.

Parents and
Progenies

A comparison of the mean fruit cracking indices
of the parents, Fj, and ?2 progenies
for 1962 and 1963
Mean
Difference

Season

(Pinkdeal)

Fall 1962
0.777^0.103*

Spring 1963
0.914 * 0 .112** 0 .1 37 * 0 .1 5 2

P2 (Floralou)

1.818^0.226*

2.057*0.099^^ 0 .2 3 9 * 0 .2 4 6

Pi (Pi X Pg)

1 .344 ^ 0 .1 2 4

1 .600 * 0 . 1 0 1

0.256±0.159

P2 (Pi X P%)

2.470 - 0 .081

2 .019 * 0 .0 6 7

0 .4 5 1 * 0 .105^**

***Signifleant at 5% level of probability
**Thé mean difference of 1.143-0.149 between Pinkdeal (Pi)
. and Floralou (Pg) is significant at 5% level of probability
♦The mean difference of I.0 4 I-O .2 4 8 between Pinkdeal (Pi)
and Floralou (Pg) is significant at 5% level of probabiltiy
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difference between the means of the two parents indicated
that both genotypes had different genetic make up.
individual plants of the
the 0 through 3 class range.

The

generation were distributed in
In the

population there

were 53 out of 221 plants in 1962 and 21 out of 257 in 1963
that could be considered as transgressive segregates as
they fell in classes beyond the Floralou.
1.

Dominance
The observed means of the fruit cracking indices of

plants in the F^ and F 2 progenies were compared with the
calculated arithmetic means to study the nature of dominance.
As shown in Tables 13 and 15, the F^ means of 1.344-0.124
in 1962 and I.6 OO-O.101 in 1963 were above the average of
the two parents.

The difference between the actual and

calculated means for the two seasons was not significant
at 5 percent level of probability.

The distribution curves

for the plants among the different fruit cracking classes
of the parents and progenies are shown in Figures 5 in 1962
and 6 in 1963*
The.potency ratio of 0.090-0.337 for 1962 and 0.201-0.218
for 1963 indicated a probable additive effect of genes for
crack resistance.
The tendency of the F^ generation to be intermediate
can be shown from the frequency distribution of plants in
Table 12 for 1962 and Table 14 in 1963*
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Table 12.

Frequency distribution of tomato plants of the
parents,
and F2 progenies into different
fruit cracking classes for a cross, Pinkdeal
(Pi) X Floralou (P2 ), in Fall, 1962

Fruit
Cracking
Class
0^

Population
Pi

P2

5

Fl

F2

2

14

1

12

4

16

48

2

1

5

10

51

2

1

55

3

34

4

19

Population
Mean
sx
s^

18
0 .7 7 7
0 .1 0 3
0 .1 8 3 1

221

11
1.818
0.226

29
1 .3 4 4
0 .1 2 4

0.081

0 .5 6 3 7

0.4482

1 .4 4 1 1

2 .4 7 0

sx = standard deviation
s^ = variance
*Class 0 = no fruit crack
♦♦Class 5 = severe fruit crack
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Generation

o

CD
Q .

"CDO
C/)

(/)

Arithmetic
Mean

Arij^metic Geometric Geometric
Dif^^nce
Mean
Diffe?Snce

Pi

0.777±0.103

P2

1.818^0.226

^1

1.344*0.124

1.297-0.124

0.047-0.175

1.371

-0.027

P2

2.470^0.081

1.320^0.034

1.150^0.088*

1.665

+0.805

3

"O

Observed
Mean

C(»parative data for observed and theoretical mean, mean
differences, scaling and potency tests of a cross,
Pinkdeal (Pi) X Floralou (Pg), in Fall, 1962

*Signifleant at S% level of probability

Scaling
Test

C= 4.597*0,477

Potency
Test

0.090*0.337
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Figure 5*

Distribution of tomato plants of the parents,
progenies into different fruit cracking classes

O.ffl. = observed mean:
Th.m. = theoretical or arithmetic mean
fClass 0 B no cracking
*Class 5 *= severe cracking

and F2
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Table 14*

Frequency distribution of tomato plants of the
parents, Fi and F% progenies into different
fruit cracking classes for a cross, Pinkdeal
(Pi) X Floralou (P2 ), in Spring, I963

Fruit

Population
Pi

0*

P2

P2

Pi

8

14

1

23

5

16

76

2

3

23

17

81

3

1

7

2

65

4

19

2

5 **

Population
Mean
sx
s2

35
0 .9 1 4

0.112
0 .4 3 3 6

35
2 .0 5 7
0 .0 9 9
0 .3 4 9 5

' 35
1.600
0.101
0 .3 5 4 7

257
2 .0 1 9
0 .0 6 7
1 .1 3 6 3

ax = standard deviation

s2 «= variance
aClass 0 = no fruit crack
**Cla8s 5 “ severe fruit crack
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8

5

Comparative data for observed and theoretical mean, mean
differences, scaling and potency tests of a*cross,
Pinkdeal (Pi) X Floralou (Pg), in Spring, 1963

(O '

O

Gener.tlon

3.

^1

"CDO
O
Q .
C
a

**2
Fl
Pz

3"
CD

o

3

"O

Observed
Mean

Arithmetic
Mean

Arithmetic Geometric Geometric
Dlf^?Snce
*kan
Dif^î^ce

1.600*0.101

1 .4 85 -0 . 0 7 4

0 .1 15 - 0 . 1 2 5

1 .3 7 1

-0 . 2 2 9

2 .0 1 9 -0 . 0 6 7

1 .542 ^ 0 . 0 7 3

0 .4 7 7 -0 .0 9 7 *

1 .6 6 5

+0 . 3 4 5

"CDO
C/)

(/)

Potency
Test

0 .914 ^ 0 . 1 1 2
2 .0 5 7 -0 . 0 9 9

o

CD
Q .

Scaling
. Test

«Significant at 5% level of probability

C" + 1 .905 -0 .367 * 0.201-0.218
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Distribution of tomato plants of the parents,
progenies into different fruit cracking classes

O.ffl. = observed mean
Th.m. ~ theoretical or arithmetic mean
*Class 0 = no cracking
*Class 5 = severe cracking
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The evidence in the

of the cross is in favor of

the additive effect of genes controlling fruit crack
resistance.
The skewness toward the Floralou parent by the F2
population for this cross is shown in Figures 5 and 6.
There were 159 plants out of 221 or about 72 percent of
the population with a crack severity index higher than the
expected arithmetic mean in 1962.

However, in 1963» there

were 16? plants out of 257 or about 65 percent of the plants
within the range in fruit cracking of moderate to susceptible.
In the analysis of the Fg data with the scaling test,
the deviation of the C value from zero was so high in each
season as to indicate inadequacy of the scale for the addi
tive model (Tables 13 and 15).

This is probably due to the

fact that the zero scale was used as a limit for crack
resistance.

The F 2 progenies showed transgressive segre-

ation toward the moderately resistant parent, thereby
suggesting the presence of recessive and dominant genes
in both parents.
2.

Nature of Gene Action
The nature of action of genes controlling radial crack

resistance was investigated by comparing the observed means
of F^ and F2 progenies with their calculated means on the
basis of arithmetic and geometric gene action.

The observed

mean and calculated arithmetic mean of the F^ generation were
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statistically similar, thereby showing arithmetic cumulative
effect of the genes.

However, the observed means of the F2

population in this cross for the two seasons do not indicate
the arithmetic, cumulative effect of gene action.
In the test of the geometric gene action although the
calculated mean was too close to the observed mean to
ignore the geometric gene action in 1962, this was not true
with ibeans of

in Spring 1963 or those of Fg progenies

in both seasons (Table 15)•

So the geometric cumulative

effect hypothesis should be rejected.
3.

Estimates of Number of Effective Factors
When the Castle-Wright formula (11) was applied, the

difference between the degrees of crack resistance between
Pinkdeal and Floralou was found to be due to one pair of
genes.

The number of genes by Wright (9) formula con

trolling fruit crack resistance in cross Pinkdeal X Floralou
was one pair as shown in Table 16.

The fact that trans

gressive inheritance resulted in this cross, indicates that
the parents differed by a relatively large number of genes.
Therefore, Castle-Wright formula or Wright formula does
not give a good measure of genes.
4.

Heritability
In estimating heritability on the basis of the genetic

variance due to the phenotypic variance (49), the data showed
that 7 2 . 3 6 percent in 1962 and 66.33 percent in I 963 of the
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total variances were due to genetic causes, the remainders
were environmental in origin (Table 16).
Although heritability based on the additive genetic
variance could not be computed in this cross, the high magni
tude of the genetic variance and the absence of dominance
of genes controlling crack resistance could suggest the
effectiveness of selection of superior plants on single
plant basis in Pg.

As the effectiveness of selection among

individual plants is highly sensitive to the magnitude of
the heritable variability relative to environmental vari
ability; the low influence of the environment on the
expression of crack resistance character in this cross,
Pinkdeal X Floralou, could suggest the high possibility
of effectiveness of selection.
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Table 16.

8

Number of genetic factors and heritabllities
controlling crack resistance in three crosses
Fall 1 962 and Spring 1963

(O '

o

Cross

Pinkdeal (Pi)
IL92(P2).
Fall 1962 Soring 1963

3
.
3

Floralou (Pi)
I L92 (P2 )
Fall 1962 Soring 1963

Pinkdeal (Pi)
- X Floralou (Pg)
Fall 1962 Soring 1963

"

CD

■CDD
O
Q .
C
g
O
3
■D
O
CD
Q .

I. No. of Effective
Factors
Castle

2 .4 7 0

2 .0 8 0

0.867

1 .1 9 0

0 .1 3 6

0 .2 1 6

Wri^t

1 .3 6 6

1.804

0.795

0 .7 4 2

0 .1 3 0

0.221

Mather

3.800

3 .1 7 0

3 .3 3 4

3.267

II. Heritability
"CDO

D/(D+H+E)

20.82%

28.13%

7 .35 %

C
O
C/)

s^g/(s^gfs^E)

60.59^

5 0 .56 %

44.179K

8 .525s
4 6 .33 %

&
7 2 .36 %

6 6 .33 %
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B.

CraiBk Reslstanoe and Associated Characters

Genetic correlations and correlation coefficients were
calculated to determine the relationships and associations
between the crack resistance index and other characters
studied in this investigation.

Partial correlations were

computed in some cases.
1.

Crack Resistance and Firmness

To determine the association and relationship between
the crack resistance index and Asco firmness meter index
simple correlation coefficients were calculated for the two
parents, Fj and F 2 generations of a cross with Pinkdeal (Pi)
X L92 (P2 ).

The two parents showed significant differences

in both characters.

Pinkdeal variety had a low cracking

index and low firmness ratings.

The inbred line L92 had a

high cracking index and high firmness ratings (Table 17).
This means that although Pinkdeal was highly crack resistant,
it was not a relatively firm tomato, and that L92 was highly
crack susceptible but more firm than Pinkdeal.
The low values for the correlation coefficients in
Table 18 indicate that these two traits, crack resistance
and firmness, have little tendency to vary together, sug
gesting no association between them.

The scattered

coefficients for the F 2 generation are presented in Figures
7 and 8.

This revealed that there was no correlation be

tween the two characters.

However, the high value of genetic
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Season

Averages and standard errors of crack length and firmness index
for the parental populations in two seasons. .
Fall 1962
Spring 1963

3
O

Pinkdeal

L92

Mean
Difference .

Pinkdeal

192

Character
Crack
length (1)

1.855*0.226

4 .291 * 0 . 2 0 7

2 .4 3 6 * 0 .308 *

1.908*0.268

4 .583 * 0 . 3 3 5

2 .675 *0 .4 0 2 *

Firmness
index (2)

4.636*0.178

3.826*0.205

0 .811 * 0 .272 *

4 .341 * 0 . 1 6 5

3 .710 * 0 . 1 7 0

0 .631 * 0 .2 4 1 *

Variety
8
(O '

3.

3"
CD
CD

■D
O
Q .
C

Mean
Difference

^Significant at 5% level of probability
(1)* (2) Crack length and firmness index are reversible to crack
resistant and flesh firmness.

g
o
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Table 18.

Correlation coefficients (r) and genetic correlations between
crack reAistance index and Asco Pirmness-meter index.

CD
Q .

Cross:
Generation

■CDD
(
(/
/)
)

Season
Fall 1962
Spring 1963
Mean

Pi

/2

Pinkdeal (P^) X 192 (Pg)
Pi

P2
.

Genetic Correlation
in F 2

- .

+0 . 0 1 3

+0 .0 1 5

+0 .1 1 5

+ 0 .0 7 2

+0.102

+0 .0 9 9

-0 . 3 9 7

-0 . 2 1 3

+0.718*

+0 . 0 5 1

-0 . 2 5 5

-0.020

+ 0 .2 7 7
+0 . 1 8 0

^Significant at 5% level of probability

+0.287*
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Correlation coefficients of the firmness index and square
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correlation (+0.718) in the Spring of 1963 indicates a
highly significant association, positive in nature, between
crack resistance and flesh firmness.

This hig^ genetic

correlation value was not obtained in the Fall of 1962.
The magnitude of the value (+0.102) was too low to be sig
nificant but it was positive in nature.

The average of

both values r(+.287) was positive and highly significant,
indicating a genetic positive association between the two
characters.

This low value indicated that this association

is not important.

Only about 8 percent of the total vari

ability of firmness was ascribed to the effect of cracking
index.
2.

Crack Resistance and Refractometer Index

The Pinkdeal is a crack resistant variety and L92 is
a susceptible seedling.

Table 19 shows comparative cracking

indices of these two varieties.

The Pinkdeal variety had

a lower cracking index and a lower refractometer index than
L92 and these differences were significant.
The correlation coefficient values and the genetic
correlations are listed in Table 20.
The r values for most of the parental populations and
the ?! generation were not significant, indicating no associ
ation between the two characters.
Significant correlation coefficients of +0.295 and
-0.416 were obtained in the F2 comparable populations in the
two seasons.

The former was small in magnitude and positive
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Averages and standard errors of crack length and Refractometer
index for the parental populations in two seasons.
Fall 1962

Season
Variety-

Pinkdeal

Spring. 1963
Mean
Difference

L92

Pinkdeal

Mean
Difference

192

•

•

Character
Crack
length (1)

1.855*0.226

4 .2 91 * 0 . 2 0 7

2.436±0.308*

1.908±0.269

4.583*0.335

2 .675 * 0 .4 0 2 *

Ref. index

3 .923 * 0 . 0 6 6

4 .994 * 0 . 2 0 6

1 .071 * 0 .228 *

4 .310 * 0 .0 5 8

5 .593 * 0 .0 9 8

1.283*0.114*
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-^Significant at

(1) Crack length is reversible to crack resistance.

Table 20.

CD
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Generation
■CDD
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CO

level of probability.

Correlation coefficients and genetic correlations between crack
.resistance index and Refractometer index
1*1

1*2

^1

P2

Season

Genetic Correlation
in Fg
.

Fall 1962

+0 . 2 3 5

+0 . 1 3 1

+0,207

+0 ,2 9 5 *

+0.389*

Spring 1 963

- 0 .323 *

-0 . 0 1 0

-0 . 2 2 3

- 0 .416 *

- 0 .843 *

Mean

-0 . 0 8 1

-0 . 0 1 3

+0 . 0 2 7

+0 .1 2 7

+0 .0 2 9

■«•Significant at 5^ level of probability.

00

>
■oD
O
Q .
C

g
Q .
■(D
D

X^2.690

C/)
CO

6
CD

8

5
••
# # #

3
.
3

8

X. 4.175

"

CD

■CDD
O
Q .
C
a
O
3
"O
O
CD
Q .

"CDO
0
0
C/)

S

4
•.» •

g
«H

I

3

2
I

2

3

4

5

6

7

Square root of crack length
Figure 9*

Correlation coefficients of the refractive index and square
root of crack length of the F 2 of Pinkdeal (P^) I L92 (P2 ), 1963

>
0

ZI
■CDD
O
Q .
C

g
Q .
"CDO

X| 3 77

C/)
C/)

8
CD

r-— 0.416

8
5

7
6

CD

3
.
3

S

"

CD

■CDD
O
Q .
C
g
O
3
"O
O
CD
Q .

5

4.52

1

f

4

•S
«

3

•H

%
Oi

2
1

TCDD

(/)

C/)

0
0

1

2

3

4

5

6

7

8

Square root of crack length
Figure 10.

Correlation coefficient of the refractive index and square
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in nature.

The latter was of low to moderate value and

negative in nature.

There was a conflict between the two

results concerning the nature of the associatipn.

It is

difficult to estimate the degree or nature of correlation
from the scattered diagram in Figure 9*

Thirty-one points

out of 88 were widely distributed within the two negative
quadrants.

In Figure 10, the points were almost equally

distributed between the negative and positive quadrants.
This conflict in the nature of association was ex
hibited again by the two values of the genetic correlations
in F2 plants.

The r value of +0.389 in the Fall of 1962

was significant indicating the positive nature of association
between the two traits.

However, the high negative value

of r -0.843 obtained in Spring 1963 was in disagreement
with the previous positive nature of this association.
Correlation coefficients obtained as an average of the
two seasons were too low in magnitude to indicate any
association of importance.
3.

Scar Area and Cracking Index

Simple, partial, and genetic correlation coefficients
of the scar area and the cracking index are listed in
Table 21.
The correlation coefficient for the two characters*
scar area as represented by its diameter and cracking index
was + 0 .5 4 6 for 56 plants from the F2 population of the cross
with Floralou and L92.

This significant value was of moderate
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magnitude and Indicates the existance of positive association
between the two traits.
diagram in Figure 11.

This can be seen from the scattered
The genetic coefficient for the same

characters was high enough to indicate its significance and
to reveal that these variables tended to vary geneticaly
together in the same direction.
Also f the same trend was obtained with cracking index
and fruit size.

These variables varied together and the

degree of association was higher than the association be
tween scar area and cracking index.

The r values for the

simple and genetic correlations were +0.591 and +0.733,
respectively as shown in Tdble 21. (Figure 12)
The data in Table 21 indicated that as the fruit size
increased the scar area increased.

This is shown by the

high magnitude of the r values (+0.763) for the simple
correlation and (+0.798) for the genetic correlation.

To

eliminate the effect of the fruit size a partial correlation
was calculated.

When the fruit size was held constant, a

low non-significant positive value of +0.183 revealed that
the association between the scar area and cracking index
was very low.

When the scar area remained constat the r

value for the association between the cracking index and
fruit size decreased to +0.321.

Although this latter

value was significant and of a positive nature, its small
magnitude showed that there was a low association between
the two traits of fruit size and cracking index.
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The multiple correlation coefficient for cracking index
and the other two varihblea proved to be +0.630.

This

moderately high )po#itive value ia an evidence that the
two variables were two major factors contributing to
cracking index.
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Table 21.

8

Simple, genetic, partial, and multiple correlations
for three characters in F2 population of cross,
Floralou (Pi) X L 9 2 (P2 )
Fall 1962

i
C3D

Simple
Correlation

Genetic
Correlation

Character
Held
Constant

Crack length
and scar area

+0.546»

+ 0 .566 *

Fruit Size

+0.183

Crack length and
fruit size

+ 0 .591 *

+ 0 .733 *

Scar Size

+ 0 .321 *

Scar area and
fruit size

+ 0 .763 *

+ 0 .798 *
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Correlation coefficient of the stem scar diameter and square
root of crack length of the F 2 of Floralou (Pi) I L92 (P2 ), 1962
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DISCUSSION
The data Indicated that Pinkdeal was the most resistant
variety for fruit radial cracking.

The fruit radial cracking

index for Pinkdeal was significantly different from Floralou
and L92 in each of the two seasons, under the natural envi
ronmental conditons of Louisiana.

The natural environmental

conditions of Louisiana favored the induction of radial
cracking.

Some workers (2,67,95) have depended upon natural

conditions to determine resistance to fruit cracking.

Simi

lar results were found between Floralou and L92 in 1962 and
1963.

Floralou proved to be moderately resistant to fruit

radial cracking.
The differences of crack indices among the different
varieties and L92 were sufficient to allow further studies
of the mode of inheritance of the fruit radial crack resist
ance character.
Results obtained in this investigation, from the three
crosses, Pinkdeal X L92, Floralou X L92 and Pinkdeal X Floralou,
showed that fruit radial crack resistance is a quantitative
character.

The progenies of the three crosses resulted in

a wide range in degree of resistance.

Ryder (70), Prashar

(6 5 ) as well as Hepler (37) reported that the continuous
nature of the variation for crack resistance indicated a
quantitative trait.
A quantitative character is related to differences in
degree rather than kind (72).

The quantitative characters

87
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are asaumed to be under the control of numerou# polygenes
with individual effects small in comporison with those
caused by the environment.

Charles and Smith (12) pointed

out that the isolation of monogenic difference is generally
very difficult in the case of quantitative characters.
The data for the two years 1962 and 1963 with the two
crosses, Pinkdeal X L92 and Floralou X 192, showed that
the

progenies had some degree of crack resistance.

In

most cases the means of the cracking index were closer to
the resistant parent in each cross.

This result indicated

that fruit radial crack resistance was controlled by genes
with some degree of dominance.

However, dominance with

polygenes cannot be detected for individual genes because
their separate effects are unrecognisable, but the integroted dominance and interactions of all the polygenes
within the combination can be observed (19)•

The effects

of this integration is revealed by the potency test (84).
The potency test substantiated other previous tests
that showed the degree of dominance for crock resistance
was high and could approach complete dominance in the cross
Pinkdeal X LÇ2 and Floralou X 192.
However, in some cases the means of the crack index
for

progeny approached the mean of the two parents.

The deviation between observed and expected arithmetic means
of the F^ progenies was small giving a low potency ratio,
(approximately sero).
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Mather, Falconer and Allard (3,51,85) indicated that a
zero potency ratio does not indicate absence of dominance.
Individual polygene in its simplest form is represented by
two alleles, one of which has an effect in the plus direction,
thus tending to increase the expression of the character in
volved, and other in minus or opposite direction, so
individual dominance effect counter balance one another.
In each cross, the

and backcross progenies showed

a skewness of distribution curves of the segregating popu
lations toward the resistant parent.

A high percentage of

plants fell in tomato fruit cracking classes within the
range of the resistant parent in each cross.

These results

support the partial dominance hypothesis of radial crack
resistance.

Furthermore, results of the analysis of the

scaling test (51) showed that genes controlling fruit
radial cracking were not of an additive nature.

Thus,

the results conformed to the partial genic effect hypo
thesis.

Ryder (70), Prashar (65), Hepler (37) and Thomas

(78) proposed the partial dominance of genes as a mode of
inheritance for the radial crack resistance character in
tomato.
While dominance is the expression of one allele over
another at the same locus, this relationship may be modified
by the action of alleles at other loci (19).

Fisher (18)

indicated epistatic deviation when more than one loci are
involved.

A quantitative character such as fruit radial
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crack resistance which is controlled by more than one locus
as in this study may show an epistatic effect.

Ryder (7 0 )

indicated that epistasis was exhibited when he used parti
tioning methods of analysis of his data.
In the cross between the moderately crack résistant
parent, Floralou, and the susceptible parent, LÇ2, the
appearance of an appreciable number of plants in class
ratings more resistant than the moderate parent indicated
the development of highly resistant plants.

This could

not be attributed to environmental conditions.

The

arithmetic mean and the modal mean of Floi’alou fruit
cracking index were placed at a class rating of 2.
So the more resistant plants in the F 2 progenies suggested
the existence of genes controlling fruit crack resistance
in the moderately crack resistant and susceptible parents.
r" -'

Through hybridization and segregation in this cross new
recombinations apparently possessing more genes responsible
for the high degree of crack resistance were produced.
These genes were contributed by the two parents and accumu
lated or interacted in these new plants to show higher
resistant ability .for fruit radial cracks.

This is in

accordance with the multiple factor hypothesis (7 2 ,7 5 ).
This hypothesis proposes that many aspects of quantitative
inheritance may be accounted for on the basis of the action
and the segregation of number of allelic pairs having
duplicate and cumulative effects without complete dominance.
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So these results indicated the possibility of developing
varieties with high crack resistance through the hybrid
ization of fruit crack susceptible varieties.

Hanger (55)

indicated that genes contributing to fruit crack resistance
may be present in several susceptible varieties.
In the cross between the fruit crack resistant variety,
Pinkdeal, and the moderately resistant variety, Floralou,
there appeared some plants in the Pg progenies which were
more susceptible than Floralou, thereby showing transgressive
segregation.

The transgressive segregation was assumed to

be due to cumulative and complementary effects of genes
contributed by parents of original hybrid (35)•

Here again

the multiple gene hypothesis (75) can account for trans
gressive segregation in a quantitative character.

Plants

in the Fg progenies with crack resistant indices less than
Floralou indicated that the recessive genes were cumulative
from both parents Pinkdeal and Floralou.

Through hybrid

ization and segregation the recessive genes for fruit
cracking accumulated in some plants, thereby showing their
lower ability to resist cracking.

This result indicated

that even the highly resistant varieties still possess
recessive genes for fruit cracking.

These varieties still

have the potentiality for further improvement through
substitution of these recessive genes by the other domi
nant genes from other varieties.

Prashar (65) indicated

that crack resistance is not controlled by the same genes
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in all varieties.

It is possible to accumulate a higher

degree of resistance by a cross between two resistaut parents
or a resistant X a susceptible parent.

Many investigators

(4 ,1 4 ,2 6 ,4 8 ,6 7 ,6 8 ,7 6 ,7 8 ,9 0 ,9 3 ) have noted substantial dif
ferences in the amount of fruit cracking among varieties
and strains of tomatoes but cracking immunity is apparently
not present.
The nature of gene action is an important factor in
evaluating the various possible breeding procedures.

The

hypothetical model for quantitative inheritance is based
on the simple additive effects of the actions of all oper
ative genes involved (75).

Data concerning the gene action

in the two crosses Pinkdeal X L92 and Floralou X L92 showed
that this assumed hypothesis is not workable in fruit radial
cracking character.
inherited (37,65,70).

This character proved to be quantitatively
The results showed a large deviation

between the observed and expected arithmetic means in F^,
F 2 and backcross progenies.

Therefore, the genes controlling

fruit radial crack resistance are not additive or arithmetically
cumulative.

However, in the third cross Pinkdeal X Floralou

additive effect of genes were found to occur.

In arithmetic

action each gene substitution adds or subtracts a constant
amount to that of the residual genotype (72).

This result

agreed with that obtained by Kepler (37) • He showed gene
action for radial cracking was additive in crosses where
line I2 52 -IO4 was used as a parent.

However, he further
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stated that the requirement for the additive model were not
fulfilled in all crosses.
In investigating the possibility that gene action may
give geometric rather than arithmetic effects, the results
indicated that the geometric system was not involved.

In

geometric action genes seem to contribute their effects
by multiplying or dividing the effect of residual genotypes
by some constant amount (72).

The large differences between

the actual means and the expected geometric means of the
Fl, Pg and backcross progenies in each separate cross indi
cated the complete disagreement between the gene action
controlling fruit radial crack inheritance and the hypo
thetical models of geometric gene action.

Ryder (70)

indicated that the gene effect was considered to be
multiplicative.

This discrepency could be due to the

difference in scaling systems in scoring the degree of
cracking.
Due to the fact that geometric gene action was not
indicated from the results of this investigation, the data
could be explained more satisfactorily on the basis of
arithmetic effect with or without partial dominance of
genes for fruit radial crack resistance.

Genic action

has been reported to be partially dominant for crack
resistance by several workers.

Thomas (78) reported crack

resistance to be partially dominant.
Hepler (37) indicated that he obtained partial dominance
in progenies in a cross between accession 266 and Garden State.
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Prashar (65) found that crack resistance was incompletely
dominant.
exhibited.

Ryder (70) concluded that genic dominance was
According to Thomas (78), the data presented

by Reynard, (6?) when interpreted on the basis of cracking
score averages and positive skewness of

frequency dis

tributions, would seem to support the partial dominance
hypothesis.
In quantitative inheritance the validity for the es
timates for number of effective factors operating in the
expression of the character involved depends on the ful
fillment of the assumptions upon which the equations are
based.
In a cross between Pinkdeal, a resistant parent, and
L92, a susceptible line, results indicated that at least
2 to 4 pairs of genes were operating in the expression of
radial crack resistance.

The high frequency of recovered

plants having the characteristics of the two parents in
volved in the cross is ah indication that low number of
pairs of genes were controlling the difference of cracking
index between the two parents.
Again in a cross of Floralou, a moderate crack resistant
parent, and L9 2 , a susceptible parent, data showed that
from 1 to 4 pairs of genes were effective in the perform
ance of the two parents.

The high frequency of recovery

of plants %d.th cracking index, within the range of the two
parents, in the Fg and backcross progenies is proof of the
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low number of genes controlling crack resistance.

Thomas

(77) revealed that in his material, only 2 or 3 major genes
were affecting crack resistance, Reynard (67) suggested
that at least two gene pairs were involved in resistance
to radial cracking.

Young (90) suggested two major gene

pairs for resistance to radial cracking in a cross between
Alabama 10-1 and Karglobe.

Prashar (65) found that crack

resistance is a quantitative character that may involve
several major and minor genes.

Hepler (37) reported the

possibility of 3 pairs of genes controlling cracking in
tomatoes.
In the cross between Pinkdeal X Floralou, the fact
that transgressive segregation occurred in this cross is
an indication that the parents differed by a relatively
large number of genes, more than estimated by formulae
provided by Castle-Vright (11) and Wright (9) .

Both

formulae indicated that one pair of genes controlled the
difference of crack resistance between the two parents.
These two formulae assumed that the two parents exhibited
the two extrwes of the character.

This means that one

parent contributed only positive factors Wiile another

'

contributed only negative factors.
In general the estimate for number of genes affecting
crack resistance is a rough one because the properties of
the individual loci are unknown.

Also, all the sources

of error which mostly concern the physiology of the gene
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and its interaction with other genes or with the environment
probably alters the number of genes downward.
The small number of genes governing the expression of
fruit crack resistance character is of great benefit in a
breeding program because other good horticultural characters
can easily be combined with crack resistance.
The effect of selecting plants for crack resistance from
a segregating population is determined by the heritability
of the character.

Heritability is a ratio denoting the rela

tive importance of genotypic and environmehtal variability.
A knowledge of heritability of the fruit radial cracking
resistant character might permit prediction of the rate
of progress to be expected in the selection for this trait.
According to Comstock and Robinson (13)> genetic advance
under selection in a new population as contrasted to the
base population will depend on 1- the amount of genetic
variability and 2- the magnitude of the masking effect by
the environmental and interaction components of variability
on the genetic variability.
Estimates of heritability of fruit radial crack resist
ance in a broad sense or as measured by the proportion of
the total variability that is due to genetic causes were
found to be of low to moderate magnitudes.
differed in the different crosses.

These magnitudes

The highest value was

obtained when Pinkdeal^ a crack resistant variety, was
crossed with the moderately resistant variety Floralou.
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A low value was obtained from a cross between Floralou and
the susceptible line, 192.

The heritability estimates were

higher when Pinkdeal variety was used as a resistant parent
than when Floralou was used in crosses that involved LÇ2.
These data indicated that the Pinkdeal variety is more
valuable as a source of crack resistance than Floralou.
However, in quantitative characters which are usually
determined by additive effects of many genes with individ
ually small effects (polygenes), dominance, interaction of
gene effects and epistasis complicate the estimation of
heritability (71)•

It wae most appropriate to calculate

heritability on the basis of the additive genetic variance
because it better indicates thé degree to which the progeny
of these Fg plants in the different crosses resemble their
parents.

Robinson et al (69) defined heritability as the

ratio of additive genetic variance to phenotypic variance.
Estimates of heritability of the radial crack resistant
character in the Fg progenies of both crosses Pinkdeal X
L92 and Floralou X L92, indicated low values.

However,

it was found that Pinkdeal should be used as a better
source of crack resistance, since the heritability was
higher when Pinkdeal was used as a resistant parent than
when Floralou was used.

This indicates that a greater

portion of the genetic variance in crosses with Pinkdeal
was due to the additive or fixable component..
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Heritability as measured by both methods indicates thàt
the character of radial fruit cracking is moderately to highly
influenced by the environmental conditions.

Variances caused

by environment do not change the inheritance of plants and
are not transmitted to its progenies.

Mistaking the effects

of environment for the effects of genes will make the selection
process less efficient.
The Pg generation of any tomato cross affords the first
opportunity for selection.

The superior fruit crack resistant

plants should be selected on a single plant basis.

These

plants should possess good horticultural character.

Fg

progeny tests permit reasonably effective selection among
lines for crack resistance character.

Families showing hijÿh

variability due to heterozygosity of selected plants or
highly influenced by environment should be discarded.
Superior plants within superior families should be selected
on single plant basis.

Selection should be continued

through

When homozygozity of resistant

generation.

plants is practically reached, the superior lines are
placed in advance replicated tests in different area of
the State.
The relationship between two or more characters as
they are inherited often carries much practical signifi
cance.

Such information is particularily useful in

indicating the ease with which new and unusual combinations
of these characters may be created.
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In this Investigation the data showed that soluble
solids as measured by the refractive index has neither genetic
nor environmental association with the fruit crack resistant
character.

Frazier (23) reported that chemical composition

of the fruit was a minor factor in determining cracking
indices.

Hanna (79) concluded that there was no appreciable

change in soluble solids of tomatoes on a plant between 9
and 31 days after the breaker stage of maturity.

However,

there were differences in soluble solids content among
varieties.
The fruit firmness as measured by the Asco firmness
meter showed no environmental correlation with the character
of fruit crack resistance.

However, the significant posi

tive genetic correlation between fruit firmness and crack
resistance as an average of two years was low in magnitude
but still merits attention.

It seems that factors affecting

firmness are inherited independently from the fruit crack
resistant character.
Ryder (70) found fruit crack resistance to be associated
with small shallow stem scar depression; however, results
in this investigation showed that the fruit size was more
important in influencing crack resistance than size of the
stem scar.

The partial correlation between resistance to

fruit cracking and size indicates that resistance to cracking
is associated with fruit size.

The value of genetic corre

lation was higher than that of the simple correlation between
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crack resistance and either one 6f the two variables, fruit
or stem scar size.

This may suggest that thé genetic and

environmental sources of variation affect the characters
through different physiological mechanism (8 4 ).

This

suggests the possibility that crack resistance and each
one of the other two variables are inherited together.
However, Thomas (7 8 ) concluded that there was little
correlation between resistance to cracking and fruit size
and that they are inherited independently.

He only used

simple correlations in his analysis.
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SUMMARY AND CONCLUSIONS
The mode of inheritance of tomato fruit crack:reaietance,
heritabilitiea, and association between fruit radial crack
resistance character and each of the following characters:
firmness, soluble solids, scar diameter and fruit sise
were studied in 1962 and 1963•
Two varieties, Pinkdeal, a radial crack resistant variety,
Floralou, a moderately crack resistant variety, and L92, a
susceptible line, were used as parents in all possible
combinations as P^, ?£ and backcross progenies in this work.
The following results were obtained in this investigation:
1.

Fruit radial crack resistance character is a quanti

tative character, the inheritance of which can be acçounted
for on the basis of action and a segregation of a number
of multiple genes having duplicate and cumulative effect
without complete dominance.
2.

In a cross, Pinkdeal X L92, a partial dominance

of genes controlling crack resistance was suggested.

Fruit

radial cracking character was found to be controlled by 2-4
pairs of genes. An estimate of heritability as measured by
the additive portion of variance ranged from 2Q.80 to 28.13
percent, however, when the total genetic variance was used
it showed a h i ^ e r percentage (50 to 60 percent).

This

tomato fruit character is moderately influenced by environment.
3.

In a cross, Floralou X L92, again a high degree of

dominance for tomato fruit crack resistance was found.
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The action of an increased number of partially dominant
genes of the two parents would account for the crack resist
ance shown in the

progeny.

Heritability, when total

genetic variance was used, showed that 4 4 -4 6 percent of the
total variance was due to genetic causes.
4.

In a third cross, Pinkdeal X Floralou an additive

effect of genes was indicated.
resulted.

Transgressive inheritance

The fact that transgressive inheritance resulted

in this cross indicates that a relatively large number of
genes controlled crack resistance in these parents. The
data indicated tha-t Pinkdeal had several pairs of genes and
Floralou had several pairs controlling fruit crack resist
ance.

Heritability estimates on the basis of the genetic

variance was 66 to 72 percent.
5.

The dàta indicated that Pinkdeal variety is more

valuable as a source of crack resistance.
6.

Resistant varieties can be developed by crossing

parents with low degree of crack resistance because of
transgressive segregation.
7.

Heritability estimates for tomato fruit crack

resistance indicated in general that the character is
moderately to highly influenced by environmental conditions.
This indicates that the best method of selection for fruit
crack resistant plants is on a single-plant basis in the
population.

The Fg progeny tests permit reasonably effective

selection among lines for this character.
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8.
cross.

Geometric gene action was not indicated in any
The genes controlling fruit crack resistance showed

an additive effect in a cross between Pinkdeal and Floralou.
Whenever Pinkdeal or Floralou was crossed with L92 the genes
controlling fruit crack resistance showed an additive effect
with partial dominance.
9.

The low value of correlation coefficient between

fruit crack resistance and firmness indicates that the two
traits have no tendency to vary together.
10.

Correlation coefficient and genetic correlation

were of low magnitudes indicating no association between
fruit crack resistance and soluble solids.
11.

Partial correlations showed that fruit size had

a tendency to vary together with the crack resistance char
acter but stem scar area did not.

The two variables stem

scar area and fruit size together contributed to tomato
fruit cracking.
The high genetic correlation between crack resistance
and the two variables fruit and scar size indicated the
possibility that the three characters are associated to
gether.

However, the genetic make up and environment

affect the character through different physiological
mechanisms.
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